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K KM ARKS 

Applicants (hunk the Examiner for the very helpful telephonic interview of July 19, 
2006, in which proposed claim amendments were discussed. Further lo that interview, 
applicants have amended claims 1 and 7-9 to remove the alkoxyl group from position R 3 . 
Applicants have also amended claim 10 to incorporate each and every element of 
dependent claim 15. Claims 15 and 18-29 have been cancelled. 

Applicants reserve the right to pursue any cancelled subject matter in Ihis or a 
continuing application. No new matter has been added by any of these amendments. 

With regard to the cancers listed in amended claim 10, applicants note that each 
one of these cancers is known to be associated with a protein containing a Bcl-2- 
homology-3 (BH3) domain. Support for this association may be found in Thomadaki and 
Scorlias, Crit. Rev. Clin. Uib. ScL 43:1-67, 2000, enclosed as ^Exhibit AT Jn particular, 
applicants point to Table 6 on page 3f> of Kxhibil. A. This tabic lists associations between 
the recited cancers and several genes coding for proteins, each of which contains a HI 13 
domain (see Figure 5 on page 6). Support for the involvement of a BH3 domain- 
containing protein and cancer may also be found at page 42, lines 30-37, where it is noted 
that Ul'*U/A I is involved with melanoma. Further support: for treating cancer by the 
disruption of interaction between a Ml 13-conlairiing protein and iinolher protein maybe 
found in Roa et aL, Ctln. Invest. Med. 28:55-63, 2005, enclosed as "Exhibit B/' This 
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reference indicates Lhat a HI 13 small molecule mimetic that disrupts BH3 protein-protein 
mlLrniclions enhances radiation sensitivity of cancer cells, as shown in Figure 4. 
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CO NCLUSION 



Applicants submit that the claims are in condition for allowance, and such action is 
respectfully requested. If there are any charges or any credits, please apply them lo 
Deposit Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 02110 
Telephone: 617-428-0200 
facsimile: 617-428-7045 



Respectfully submitted, 





Kristina Dieker-Bnidy, Ph.D. 
Reg. No. 39,109 
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EXHIBIT A 
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BCL2 FAMILY OF APOPTOSIS-RELATED GENES: Functions 
and Clinical Implications in Cancer 



Kellinida Thomadaki □ Department of Biochemistry and MoUruhtr Rio?,ogy f 
Family of Biology, University of Athens, At/urns, (Wo**) 

Andreas Scorllas n Departnmil of biochemistry and Molecular IJiology, 
faculty of Biology, University of Athens. Athens, firm* 

Referee Di. J. Tli oh ins Hirwlmurxli, ftmlngtcg nnrj OonoOc l^ornpics Directorate, 
McraUli Cuuuda, Ottawa, Canarta 

1 1 (hut of tin* mint effativv ivrsyx tu umtb/U diffcretti lyjux of ranter is thmugh early dmgtmsts and 
iulministmiion of effective toeulmrrtt, joUtrwcd fry njfirAml monitoring that will rtUimi physicians la 
fifttat i elapsing disease and teat it at lht> earliest possible time. AjHtf/tfisit, a normal physiological 
farm of tell death, is mlicatly involved in the regulation oj cellular homeostasis. Dysregtitntion oj 

pmgmmtttM tctf tUulft mveh an isms plays an nnjmrlanl role in Uu>. paifuigenesis and progression, oj 
cancer as u*ell hi lite lesptmses of tumours la therapeutic inleromitions. 

Mtrrty members of (he BCL2 (U-cell (XL/tymphoma 2; RcL2) family of nftafttasix-nlated genes 
tut tie Imnnfwmtl tu be diffmfitialfy expressed tn various maiignaneies t and some a\v. useful prognostic 
ranrjn hwmmhas. We have rmmthy clonal a neti) memlwr oj thii j amity, KCJI -Sfil -IV, wtech V>as 
/bund to li$ differentially vxprttssixl in mmty tumours. Most of the. KOJ ,2 family genes have h/ten 
found to play a central regulatory mle iu apoptosis indwtion. R/ntuUs have, mad? it clear thai a 
mmdtn of i mmlinaling alterations in the BCI^ family of genes must occur to inhifnt apoptasvt and 
ftnwolw. ctiuerwgivu'sis in a wide variety of rnncers. Haioener, mar* ntseareh « required to inermse 
our underslatulin^ vfthv vxUrU to which ami Hut nutrhamsms try whvth they are immtved m cancer 
development, {minding the basis for earlier and nutre accural* cancer diagtwsu, pmgtjnsu and 
tiutrapmth intervention that targets the apoptosis fmUiways. 

I n iftfpwictti ninew, we desnibe current knaruMge of the Junction and malenilnr characteristics 
of a smes of t&mu hut also newly tlitcmurwl genes of the KGl -V Jamity as well as their implications 
in ameer dtvetopmenl, prognosis and treatment. 

Keywords Aj;opt03u.\ 1SCL2 genn Jumily. HCt/2. liCl.21.12, cancer. CHtiffir pn>|*n«wtis. 
cahiui luruLiin:iil, Imnoiir hflrmuirkr rs t HCL2JL1, MCLL UCL2L2, BOO/DJVA, HUJ2A1. 
MX, HAKI, HOK, lifK, fifty Ut'iK, M'J/M.l /, t\Nlh\ tiNtW, HNW2, HNtRI, MX. tvHNfK'l, 
M.K, I'MAIPt, KMt< liKt:i % MM AN, HCI.M MAJ'J. HCLB* JSCl^LJO, lll'K 

AIDS, Alzheimer, Parkinson, k\V\ua\ musrulnr atrophy, Hnshimoio thyroiditis, glomeru 
luiiuplirilis, r.itiny-Drr.iliifM miKculai- dysirophy. 

Ada i cm corrt:xpondcnrr in Di: Amines St mil; IS( Ou|KirUiiC!il ol Biochemistry mid Molecular Biol- 
y^V. Fiiculiy nl' IVinlugy, Univi iMiyof Ailmis, KuiicpisiinuopolK 15701 Athena, Urccoc. K-niuil: nscoriln.^ 
IjIoI.iio.i.^i in m mi iUiK^nulscupciicL 
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Abbreviations and dossaiy AMO lung iranem mils; AD, A 1/iitiii tier's disease; AIDS, 
acquired immunodeficiency syndrome:, Aki, protein kinase B; ALL, acute lymphocytic 
leukemia, AML, acute myeloid leukemia; ANT, adenine nucleotide lianspoi lei; Apnfl, 
apo[Umi^ctivaiing tactor I ;ATlX,ueute Llymphocyiic leukemia; BAD, DCL2-ajuaffnni«T 
of cell death; BAF-3, human hone, nianowHrle.rived r.el Is; RAKl, ROl^-antagonisl/kille! 
I ; "RAX, A(:i.2-%Knriaicrj X protein; BBC3, BCL2 binding component 3; IWIU., iWftll 
chronic lymphocytic leukemia; BCL2, D-cell CLL/ lymphoma t\ BCL2L1. J*CL2 like pm- 
lein I; BCL2L10, ftCI.2-1ikr. protein 10; BCJiJOy, KC\rX pima form; BCLrXi., liGL-X 
Umy % form; l(CI^ s , BCLX short form; BCR/ABL, breakpoint duster retfnn/AhRlson 
leukemia; BFL1 H| BFI. shoti ft him; NH, RCU? limnology legion; ttHRF«l, Epsle.in-Harr 
virus BC1J2 homologue; BID, lUIS-intei acting dun rain agonist; B1K, BGLZ-intcractiiiK 
killei ; BIM, B(;i 4 2-inu:iac:iiTiK mediator; BMF, Ra/2-moclifyhttf (actor; BNIP, BCL2 and 
the nineteen kDa interacting protein; BOK, BCL^-relaicd ovarian killer; UOK*?. ISOK 
.short form; BOO, BCL2 homologue of the ovary; BTT\ BCL2-a*inr.iaie.d transcription 
factor; BTF L . BTH long form; BTFs, liTFshoj I fui ui; CD, conserved domain; CD40, clus- 
in 4iT differentiation 40; CD40L. (.1)40 li«and; coBNIPS. C. elcgans BNI P3; CFT>, cell 
death pioichi; CCH, comparative genomic hybridization; CMML, chtonic in ye lo mono- 
cytic leukemia; CJ'I'ttSE, rysteine pmitase protein of molecular maxs 32 kDa; CPT. 
cainptoihccin, CVBS, i.oxai.ki*;vii us ftfl; luimaii piosiale cancel xenograft; DA. 

dopaminergic neurons; DGM. dilated cardiomyopathy; DIVA, death inducer bun ling 
to vBCl-2 and apoptosix^ciivaiivu; factor, AT'AF-I; T)LC, dynein light chain; DREAM, 
downstream regiilaloty element antagonist modulator; DS, Down syndrome; DT40, bur- 
sal lymphoma eel! line; EDMD, Emery Drciftos muscular dystrophy; HCF, ophlctrmal 
growth faUui; ER, endoplasmic leticulum; ERK, cxliaccllulat si^uat-i emulated kinase; 
Fusl., I'MM-ligarid: FTJCrPl, mouse promyelocyte cells; .FSII. lollicle-«tiiniil}*iiiig hoi mom:; 
GAP, Gl Pasc-aciivating protein; GBM, gHobla.Ml.oiu a mukifoiin; G-GSK granulocyte 
I'.olnny-Ritmtihiing lector; GM-CSK, granulocyte macrophage colony-RifmiilfUititf factor; 
GTN, gestational trophoblastic ui-oplasia; HCC-T, hcpal.oi.e.llular carcinoma; HeLa, hu- 
man rrrvix carcinoma epithelial cells; HL-CK, ceramide resistant 11L^">0 subline; IlM, 
hydalidifojin mole.; HNSCC, head/neck .squamous cell carcinoma; HPV, human pa- 
pillovirus; IIUK 1 larakiri; 11XLV, hitmun T lymphotropic virus; lAPs. inhibimi-s of «pop- 
tO^is; IGF-1, in&ulin-liki: ^jwwlli Au:t ; JAK, Janus kiiiAxi:; JNK, c-Jun NH2-tcrrninal 
kinase; IFN-a, interlei on-alpha; IL. interleukin; IRFS. interferon regtihioo' lar.tor 
JHU. lu-ad/jieck cauciM i:ulls; K5H2/AC, Kim rt:\\ lint: Aih-C i crsistai it; KI-K, kallikrein; 

mouse libt oWasus; LNCmF, pi i italic eat einoina cell line; LOW, loss ol heterozy^os 
ii^ T.PS, lipopolyRarr.haridi*; MA, membnne anchtir; MAI 1 , miioge.n-aciivaird protein; 
MAP-1. modulator of apo ptosis- 1; MAPK1, MAP kinase I; MCL1, myeloid cell leukemic 
I ; MCI .l T .. M( l\J long form; MGU S . MCL1 short form; MCF-7, human rpiiheli;i1 hir.axl 
raucfj e.ells; MEK, MAPIVKRK kinase; Mel, a prolo-oncogene encoding the lyioyine 
kinnxr growth fi^ctor receptor lor h. patocyie growth factor; MLrl, human myeloblwiiir 
leukaemia cells; MM, malignant melanoma; MMP, iiitunJioruliinl membrane potential; 
^n7-/cB l nuclear lanm kappa li; NGK neiTe growtli factor; NCS, nuclear locaMwiion sig- 
nal; NOD, nuil-obesf diahi»ljt.; NOXA, a pumpoploiie UTT^-i)iil> uiLMitber of the HCL2 
piotrin f;unily;PAK, p2l-aciivated kinase, F1£ST, sequence enriched in proline/glutamic 
acid/serlne/thifoniiu:; PDGF, plait'li:i-tlr.iivi:il ^nwiJi faaoi ; PI5K, phosphatidyl inos- 
itol ^kinase; PKA, pnuein kinase A: FLFZ, promyelocytic leukaemia /inr-t-iofjer f>;ene; 
PMA, plioilMjl rslti; W t i^iTiifaliilily tmnsilion; PTP, [iriiTiMahilily tiansilioii porci 
PIFMA, p53 up-regulated modulatoj of apoplusi$; Kat, oncogene; Kas. oncogene; RO.S. 
leailive oxygen spi!rie«; RHAS, l^s-related protein U-R>*s; "RSK, HIiohoiiimI S(> kinase; 
TCX-PCK, reverse iranMiiipiion-f^olyiuera^c chain reaction; Spos2, human osteosarcoma 
cells; SH3, hic homolo^jy :^; Sl'USYSY, human neuroblastoma rells; SLE, sysleinic lupus 
eiyihemaio«ii.s; SKK serum factor; .SSCP, single-strand confonnation polymorphism; 
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S'lATP. Mgn;d transducers and ncii valors of transcription; UJAD, truncated HAD; 
tBTT), iriiruarfri IMO; TCC. transUit mal cell carcinoma; TFJ, myeloid progenitor cell 
line; 'I'M, lransm<?*mbinrit'; TNF, Uiuioui ncuosis f«u:lui; TRAIL, tumour necrosis 
Birlcn-ii.'l:»Rv.l apoptosiunduclng li#and; Ubl-L, ubiquitin-likc; U$7. human gliohhi*. 
loma cells; U251, human glioblastoma cells; U138, human glioblastoma cells; VDAC, 
volratfr-dep<*rm>ni anion rhnnnrt*; VKKK, vasriilor f-ndoihfclinl growth factor; WT, wild 
type. 

I. INTRODUCTION 

Apoprosis is a genetically rcgulaied form of roll death that occurs when 
the coll is exposed to physiological, paihogenic or cytotoxic siinvull. The 
main physical and biochemical hallmarks of apoptosis include loss of sialic 
acid, translocation of phosphatidylserinc lo ihc outer plasma membrane, cell 
shrinkage, nuclear condensation, chromatin aggregation, DNA cndonucle- 
olylir degradation, meuibtauc blcbbiug and formation ol apoplolic bodies, 
winch ate subsequently engulied by neighbouring cells or phagocytes, pro- 
ven ling an inflammatory reunion. 1 This type oi'piogiaimned cell death exists 
ni all multicellular organisms and plays an indispensable and integral role in 
;i vaiicly of physiological procedures, .such as embryonic development and 
morphogenesis, by diminishing unwanted or excessive cells (Figure I), fur- 
thenuore, cell death helps the organism to maintain lis homeostasis, being 
opposed to coll division (Figure 2). The cells that have been damaged by 
aging or by exposure lo DNA-damaging agents or viruses, as well ;ls atitoim 
niune cells, are also eliminated by apoptosi$. :? 

Aberrant legulalion of apophysis (too much or too little apoprosis) 
(Figure 2), at any time liom etubi yogeucsis to adulthood, can result, in a vari- 
ety of disease stales, such as Acquired Immunodeficiency Syndrome (AIDS), 
ncurodcgenei alive disorders, autoimmunity and cancel. A reasonable esti- 
mation is thai either loo linle or loo much cell death conrribut.es to bah* 
of the main medical illnesses for which adequate therapy or prevention is 
lacking. 

When i he homeosiaiic balance is disturbed in such a way that clonal 
outgrowth of mutated cell populations may occur, this results in the devel- 
opment of a tumoi.n\ H, t Karly in transformation, activated oncogenes thai 




Apoplosis 



FIGURE 1 Physiological mlt* ol apoptoxiK. 
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drive I he roll into uncontrolled prolific] at km simultaneously trigger (he 
tc-ll-dcaih pi ogi amine, probably as a safety mecliaiiisui thai icmovcs cells 
Lvuiyinj; mutations in oncogene*. 5 Later in tumorigenesis, the supply of 
nuliienls and oxygen becomes limned, wilh ih c* rumour cells undergoing 
hypoxia induced apoptosis. 0 Tn order for tumour cells to survive, they acquire 
apoptotic-inhihiiing mi.ua l ions/ 1 This is the main reason hy which activation 
of apnplosis Ls one oF the most potent therapeutic approaches in anccr 

IK^tllHM)!. 

Apoprosisciui be initiated by many different stimuli including gmwih fao 
lor withdrawal, UV» 01 y-ii radiation, cheiuotheiapeutit: agents, heat shock, 
nuirienr deprivation, or by a family oi transmembrane proteins called death 
receptor* (Figure 3). However, ihe apoptoric-inducing pathways in mam- 
malian cells can be divided into the extrinsic and intrinsic pathways. The 
loimei is lingered by the external death .signals, leading to activation of 
a cagpasc cascade (Figure 4) ai intracellular receptor-signalling complexes, 
and is usually employed in the immune response. 7 The latter is triggered by 
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intracellular death signals and is ;u:UvaLcd when (he cell is exposed to DNA- 
damaging agent*. In ihLs apoptotk pathway, the mitochondria play a central 
role, and the I1CL2 family member**™ closely implicated in a regulatory role. 

II. THE BCL2 FAMILY OF PROTEINS 

The; mcmbeiw ol' tin: B-cell OLL/lyniphouia 2 (#67,2) family uu; cutc- 
goii/.ed into two main groups. The first group consists of the aniiapoptotic 
members lhai share high structural and functional homology with BCL2, 
while the second includes proteins lhat share less homology lo BCL2 and 
dispLiy proapoplotk activity. The killer group is further divided into two 
subgroups, theliCLa^issocialccl X protein (UAX)-likc death factors and the 
HI l;Winly prolans. 

The structural homology among die inciiibeis of the family refers u> 
h um onc-lolbui legions that share high sequence homology to B(12 ( des- 
ignated as BH (BCLSMiuinology region) domains (Bill, 15112, BUS, MM) 
and arc common among die members of the family (Figure R). These do- 
mains correspond to an a-helical configuration. Mutagenesis and deletion 
analysis studies have revealed ihni HIT domains are imponani for function 
as well as for heterodimerization between the family members. 8 " 11 Indeed, 
(he iclevani irirei actions heiwccn die death-promoting and death-inhibiting 
proteins deiemiine the susceptibility of the cell to the various apoptotic 
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KICUKIC IS BH ilom;iiiw in BC1.2 family member.?. 

stimuli. 12 Furthermore, most of the members contain a hydrophobic car- 
boxyicriuinal transmembrane (TM) domain that is probably responsible for 
thcii membrane localization. 1 * 

The smtiapopioiic Reno products arc initially integral mcmbianc pro- 
teins, localised mainly in the mitochondrial outer membrane, Furthermore, 
amiapopioiic molecules have been detected in the membranes of the endo- 
plasmic reticulum (1\R) and nucleus,™" 1 " Their main role: ut to stabilise the 
mitochondrial membrane, preventing cytochrome c relent and its .suhse- 
qucni binding in apnptosis activating ['artor-l (Apaf-1)J'' IH By contrast, the 
proapopiotic 1£GL2 family members localise to cyiosol or cytoskclcion, in a 
luMltiiy roll. However, following a death signal, ihey usually interact with the 
antKipoptotic proteins, resulting jn their inhibition and the initial ion of the 
apopioiir machinery. 
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Since i he nntiapoptotic members arc more conserved, (hey bear thrcc-lo- 
fonr \\H regions, mediating their intracellular localization to the cytoplasmic 
side of internal membi anes. Tin: proapoptotie members of the: family ai e less 
conserved, usually lucking ihe Bill aminoterminal domain. However, the 
UH 3 domain is highly conserved and i.sihc most rommon feature ofalmosr all 
Bwiiilyvcprc^oniaiivcs/niisanipliipadiica helical domain must play apivoial 
role in hetr:rodimci Nation and death-promoting activity. ,0 IU9 This concept 
i* i cwiiorccd by chc existence of a whole subcategory of proapoptotie genes 
called BI-13-domain-only genes, which bear only the Ill 13 conserved domain. 
Deletion and/oi site directed [nin;ig(^iesissnMli^sofsomeRII;J-<l()iuaiii only 
piolcins have revealed that absence of the TVf T3 region or modification of 
specific amino acids of this domain result in loss of i heir execution activity. 

Studies suggest that the proapoptotie proteins must, have their BTT-l do 
main exposed const itutively or through posHranslational modifiraiion in or- 
der to achieve killing function.^ 1 On the other hand, crystallography stud- 
ies of BCl .2 and BCl -X long form (BCL-X,.) demonstrate UialBHU JM 11* and 
HI 13 domains are found in close pioximity, thus forming a liydiophobicdefl, 
which isstabiliy.cd bylhcN-termimd of the BI 14 domain and interacts with the 
exposed 1*113 or-hclix region of a proapoptotie protein. 22 These results are 
consistent with their interaction properties. However, under physiological 
conditions, not all IMI3-contajnin£ proteins can interact with the hydropho 
bit gioovo of the BCL2 survival factors. While pro-apoprotic BII3-only and 
WAX like proteins expose I heir BH3 domain after a post-iranslaiional modifi- 
cation arid/or a nmfnrmational change, death-inhibiting BCI.2 homologues 
maintain this domain as an integral part of their hydrophobic pocket. Their 
BI 13 domains arc nut available foi binding to oilici hydiuphubic pockets of 
the HCL2 family mcmbcis. 

Ova all, the i dative ratio of \ >ro-survival (BCL2-like) and proapoptotie 
(KAX-hke and Bll-J-only) proteins seems to determine the cell sensitivity or 
resistance to the apoptotic stimuli. 

A. Subgroup 1: The 6CL2-Like Pro-Survival Factors 

2, Ant iupuptutic Members ('Jtible 1) 

a. R02 (Bel 2). DCL2 is a proio-nncogenc thai was identified at the 
( hioiiiosonud translocation breakpoint, between chromosomes H and 18, 
1{ M;18), in non-T lodgkin's follicular U-r.cll lymphomas.*" 1 '" 87 li promotes tu- 
moiigcncsis by preventing cell death rather than by increasing the rate of 
cell division 28 and by arresting cells in the Go/Gl phase of the cell cycle. 
Its protein product is a 20 k!)a piotein consisting of 2S9 amino acids (hu- 
man), with a single highly hydiophobic domain at its C-terniimts/-" which 
enables ir to localise mainly in the mitochondrial outei membrane, and to 
a lesser extent m the nuclear envelope and the membrane of the endoplas- 
mic reticulum. ,nso - 31 The piotein contains all four BH domains (Bill to 
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Hl'JSAt 
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ORS t RFLI, BCL2L5, HRPA1 



BI M). 3 ** Bill, BU2and BI 13 consumte I he hydrophobic cleft through which 
ihc protein interacts and forms homo- and heicrodimers with iho proapop- 
lolic members of the family of protein*. 

7iC/,2 is expressed in a wide variety of Ibeial tissues, whereas in adults 
ii shows leslncicd cxpicssion in more: rapidly proliferating and different iat- 
ii»K <:<jli»- 3S Hi|jh lewis ofBCL'2 have been delected in pro-B and mature* B 
u .|| s j n m()S( neurons (> f jh e developing mouse, 35 in thymus ihrough- 
oul the medulla but in fewer cells of the cortex/' 7 in spleen™ and in lymph 
nodes 38 as well as early in the embryonic kidney. 31 ' Decrease in its expres- 
sion levels is observed in moior-nenmns during the embiyouic and post- 
natal periods™ as well as in pre B rolls being prquireri to dhTetcntiale. 11 
Ii is chaivinerisiir dial l\CA2 is expressed only in nonpregnant and early 
pregnancy mammary glands, with no expression in late pregnancy 01 
involution.^ 

Expression .of the protein inhibits apoptosis induced by various stim- 
uli, such as chemulheiapeuiic djugs, JS neuronal growth factor withdrawal 
in neurons; 11 or glucocorticoids. 1 *-' 1 * HCL2 gene can also be. unregulated 
l>y inierleukiu-7 (IL-7) 17 and die tumour suppicssor pSS.™ However, when 
i he pioieiu is regulated by phosphorylation at a Ser residue mediated by ei- 
Ihei llie Ras/R;d/mitogetKiciiv;iied protein (MAP) kinase 10 oj the cysteine 
protease protein of molecular mass 32 kl)a (CPP32) pathways, 60 it loses its 
uiuhipoptoiie activity. 51 Consistent with the above, rhe phosphorylated form 
of BCL2 coimmunoprecipitates with the Ser/Thr specific kinase* 2 as well as 
with p2IK»LH. 

Ii has been reported that, in mammalian cells, BCL2 binds to Apaf 1 (the 
human hnmuloguc of cell deadj prou:in-LCDP- / l.], r,g sequestering caspa^c- 
y and subsequently blocking the initiation of the proteolytic cascade. 54 "™ 
Ilowevei, the main role ol BCL2 in die process oi'apoptosis is based on its 
ability (u luim ion conductive channels,* 1 &0 In most cases, BCL2 seems to 
act by pi eventing mitochondrial disruption and the: lelease of Cytochrome 
i\ inhibiting the kiltci's association with Apaf 1 and therelorc the activa- 
tion of caspase-9. 18 According to ongoing speculation, BC1.2 may play a 
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role in the inactivarion of iniiiator caspascs, Such as raspase-2, lhai act 
upstream or independently of cytochrome c release and mitochondrial 
involvement/* 0 

k BCJ.2FJ (itCLX> BCL2L, HCL^X). The BCL2-likc 1 (BCL2LJ) gene 
maps on chromosome 20qll.21 ;imJ consists of 3 exons and 2 in lions, cn- 
< tiding a 233 amino acid protein, localised to the outer mitochondrial mem- 
brane. 1 he hist exon is untranslated while rhe first inn on is facultative.* 1 The 
gene undergoes alternative splicing, and, up to the present, three different 
splicing variants have been identilied (7JCL-A' L , BCL-X S , BCI.-X r )™ J ™ BGl .-X 
shoit form (BO/Xs) derives from splicing of the second exon, which con- 
tains the HH.1 and B112 domains ;md has a length of!70 amino acids, while 
the Lirge protein BCLrXi. (253 amino adds) is encoded by exons 2 and 5 61 
These two proteins display striking functional and expressions! differences. 
Thus, while the large transcript HCL X; is aniiapopioiic and mainly expressed 
in long-lived cells, such as those of the nervous system, and localises in the 
priinucleui envelope and mitochondrial membranes, 64 the smaller protein 
BCI-rXs is cxpicsscd in cells with a high turnover rate, such as those of the 
immune system, and acts as an apoptotic acuvator. 6 ^™ Another variant, des- 
ignated its BCLX gamma form (llCI.-Xy), has also been identified." 7 BCJ^X 
is also widely expressed in the brain, kidney, diyrnus'*' and the physiological 
mammary gland, with its expansion continuing during eariy and late preg- 
nancy, but it is downrcgulatcd during lactation and upregulated again during 
the period of involution 08 As far ,ls the intracellular localization of BCL-X L 
is concerned, it is [bund both in cytosol and in intracellular membranes in 
healthy cells/" 

l'.CLrX L protein is highly homologous (o BCL2, containing the con- 
seived domains Bill to HI 14 and a hydrophobic region at its C terminus. 
According u> crystallography studies, the BH 1 , BH2 and BHS motifs of BOf.- 
X L aje found in close proximity to one another, forming a hydrophobic 
pocket through which the protein interacts with the exposed BHS region 
of proapoptofic molecules.** Foi example, the picsciicc of an amiapoptotir 
molecule, such as BCI-2 or BCL-X L , can iuliibit die activation of Ihc death 
promoter BAX. 70 Thus, B<X-X L , like all the antiapoptotic members of the 
BCL2 family, must i emulate apopiosis via interaction with and blockage of 
the proapoptolic proteins. 

BCL-Xt. presents a three-dimensional structure in which the two cen 
tral hydrophobic cores are surrounded by four amphipathie helices. This 
structure is sinnlm to the pore- foi niing regions of bacterial toxins that foim 
ion channels. 5 * 1 '* 1 This is consisleru with the ability of UOI,X L to form ion 
conductive channels in nihvr-^ 1 ^ 1 - All the above: data suggest that BCL- 
Xj ¥ may icgulaU; survival by regulating the permeability of the intraccllu 
hit membranes, 7 ' 2 preventing the removal ol the cytochrome c in cytosol, 
aud pieserving the membrane integrity On the other hand, it has been re- 
ported that BCL-Xl binds to Apal-I, thus forming a complex that prevents 
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the activation of ca$pasc-9. This complex can also be disiuplcd by sonic 
death-inducing molecules.* 4,1 * 3,74 

The smaller counterpart, BCI.-Xg, is a HI (3-dntnairi-only protein lacking 
the hydrophobic a helices 5 and (>, which are essential for membrane inscr 
lion. Theielbie, ii provokes apopiosis through binding 10 the hydrophobic 
pocket. oi'BCLS or BCL-X L to inhibit their auliapoplotic activity. 

The KCL-X gene is transcriptionally responsive. Its expression is up- 
regulated by glucocorticoids and irradiation, 75 by IL-3 and insulin-like giowth 
lac toi-l (1GF-1), through thephosphatidylinosiiol 3-kinase (PI-JK) pathway, 70 
by neive growth Factor (NOF) treatment, 7 * through the duster of dilTeicu 
nation (CD4O)/Q>40 liganri (ftlMOI.) pathway, 7 * and by (L-2 rhrough the 
C28 teceptor pathway. 7 ** 

r. MCU (TM, MT t MCCJH39). MCU (myeloid cell leukaemia I ) is an 
aniiapoptour member of the BC/.2 family. Its cDNA has a length of about 
3.N kh and encodes for a protein with a molecular mass of 37,3 klia consisting 
of JWO amini i acid resid ucs. 80 The protein is highly homologous to BCT .2, ron- 
laininglJH I, BH2uud BHS domaiimcswellasa hydrophobic tiansmcmbranc 
region at. its (>icnuinus. 6J Furthermore, the N-terminus of the piotein con- 
tains two legions rich in the glycine/alanine motif, two sequences enriched 
in proline/glutamic aeid/serinc and threonine, also known jls PESTs^ and 
repeated pairs of argi nines, The last two features are characteristic of a va 
licty of other proteins implicated in tumnrigencsis. The gene consists of 3 
exons, 2 introns and an untranslated region of 370 hp.*"'™ 

MCU expression is tightly regulated at transcriptional, post- 
transcription al and posi-translational levels. As far as the transcriptional level 
is concerned, exposure of hemopoietic cell lines to phorbol-1 S-myrixiaie-l 3- 
acetate (TPA) leads to the activation of die extracellular signal-regulated 
kinase (ERK)-mcdiated pathway, which results in the binding of a transciip- 
lion lattoi complex (serum factor |SRF|;F,lk-l) to MCL1 promote!.* 4 Hri This 
ultimately increases MCU transcriptional levels. Other pathways that also 
ineieasc MCU transcriptional levels are the MAI* kinase-rnediated pathway 
(MAI'K/ERKor |>38)* ww riSK/AIci™ and Janus kinase (JAK) signal trans 
duceis and activators of transcription (STAT3) transar Ovation pathways/'" ty * 

MCU may also be regulated post-iranscriptionally by alternative Splic- 
ing, resulting in the production nfMCLls (MCU short form). The splice 
variant, winch has been found in human placenta/ 1 derives from the asso- 
ciation of the first and l.hiid exous and the elimination of the second one. 
MCI. I a lacks <egioiis Bl-Il, BH2 and the hydrophobic C-lemiinal region, 
while its HHS domain remains constant in comparison to the full-length 
molecule MCLIl. 81 Thus, M(]Lls displays features similar to the ptoapop- 
l otic ttHS-doinain-only proteins, with itsoverexpression provoking cell death 
in Chinese hamster ovarian eel Is* 1,04 and its possessing antagonistic activity 
u> MCL 1 1,, yet, being able to dimerize wit h it. 83 Therefore, while MCLl.s pos- 
sesses proapoptotic activity, MCMj, possesses aniiapoptotic activity. MCI- 1 
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posi-trnnslational modifications involve MCL1 proicin phosphorylation, oc- 
curring thiough Iwo distinct pathways, one 'ITA-induced EKK-depcndcni 
and iho other taxol-induccd or okadaic acid induced, with only ihc laucr 
phosphorylation pathway ultimately resulting in die elecirophoretu: mobil- 
ity shift of the MCLI prolein. 5J ^- lyJ 

MCI .1 initially had been isolated from a myeloid leukemia cell line (ML 
I), although ii has been found to be widely expressed invivo. m It is normally 
expressed in a cell lype-spccitic manner in response to signals dial, affect cell 
growth, differentiation and cell viability. 103 Its antiapoptotic function and 
short viability-promoting activity was evident after tiansfcction oJ" murine 
myeloid progenitor cells (FDC-P1), which resulted in enhanced survival 
undei apoploiic-inducing conditions, such ;ls IW-iiradialion, withdiawal 
of required growih factors and exposure to a variety of rhemoiherapeu- 
lic agents. 1<M,ur ' Consequently, decreased expression of MCLI is associated 
wi(h cell death induced by age i us *uc:h as sodium salicylate and etoposide. 10 * 
Exposure of human \\ rolls lo the cytokine 11^13 results in MCI. I stimula- 
tion, which inhibits apoptosis in human lice lis, leading to their proliferation. 
Thisinlubiiion is rrinlbrccd through die interaction of the lallerwith the sur- 
vival factor CD10L, inducing the expression oi'MCLl via ihe GD40L/CD40 
pathway. 107 - 10 * Other survival factors, namely IL-6and iulcifcion-alpha (IKN- 
ur)> rapidly up-rcgulatc MCL1. I0U,IW Moreover, funciional analysis studies ol 
die MCLI gene revealed the presence of regulatory sequences dial show 
homology lo phorbol ester (PMA) and granulocyte macrophage colony- 
stimulating factor (OM-OSF). M Indeed, MCI.l is regulated via the CM CSF 
signalling pathway. Using the TIM myeloid progenitor cell line, it was shown 
thai MCI.l levels were reduced immediately after die withdrawal of fltissur 
Nival factor factors whose overproduction can delay apoptosis induced 
by various agents), an absolutely reversible phenomenon. 111 According to 
another study, human neutrophils that arc highly susceptible to apoptosis 
survive aftej ticatiiierii with cytokines such as GM-CSb'or Thus, cellu- 

lar levels of MCLI in neutiophilsare enhanced after cytokine tieatmcnt and 
declined following apopiosLs induction. 112 

luci eased MCLI expression also serves to provide additional viability in 
a broad range of cell types, including hematopoietic cells of various lineages. 
Several studies showed that, although MCLI is not expressed in matme cells, 
it is expressed in immature cells of myeloid and erythroid lineages as well as in 
differentiating ML-I cells in vUm. ]m MCLI is also expressed at specific stages 
in lymphoid cell differentiation, with its expression being low in memory 
B cells, whic h ran live lor an extended period of lime, but prominent in 
germinal center B cells, which undergo affinity maturation and die through 
apoptosis. 1 ™ Therefore, the cxpies&iou ol" MCLI in germinal center \\ cells 
may serve to pi umote viability for ashort period of time to allow the selection 
of clones exhibiting the appiopiiatc antibody affinity and ensuring the rapid 
elimination of the remaining cell*. 103 MCLI is also expressed in plasma cells, 
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large activated lymphocytes, and epithelial tissues. MCLJ expicssiuii is luw in 
less i.lil.Tcu:u(iiilctl cells (basal cells) of epithelial tissues, whereas it is highly 
expressed in muic differentiated ones (upper layers). 103 

d. MZ2L2 (ItCLW. BCL-W, K1AA027I. The BCLWike 2 (BCJL2L2) gene 
maps on human chromosome Hqll, 113 Its encoding proiein product is 
an aruiiipoptotic, highly eunscivud BGL2 Ikinily piolein. It consists of 103 
amino acids and beats all the conserved BII domains (BH1 to BH4) anil 
a hydrophobic C-lemiinal transmembrane region (TM). m Since BCL^W 
contains the conserved domains RH1 to BUM, ii can interact with oihcr 
piolcins of the family io modulate apoptosis and has been found to co- 
immunoprccipirat.e with proteins such as BAX, Bfil .2-a.ni ago rust of cell 
death (BAD), BOL2-aniagonisi/kmer (BAK) and BCI.2-interarting killer 
(1JIK). IM 

The prorein plays a pivotal role in the mature nervous system nr> as well as 
in spermatogenesis, since BCLrW-/- adult male mice are unable to produce 
mature sperm. 116117 Ti also aids die survival of epithelial cells in the gut. In 
addition, it is expressed mainly in cells of myeloid, lymphoid and epithelial 
origin/ 18 including those of the manimaiy gland, and is up-iegulatcd at the 
beginning of involution. At the intracellular level, it localises at mitochon- 
drial membranes, where it is assoeiaird loosely in healthy cells and lightly in 
apoptotic cells, losing irs amiapoptotic activity. M9 ~ 1 - 1 

The protein is regulated at ihe transcriptional level via the extracellu- 
lar death signal mechanism of apoptosis* Some stimuli ihat npregulate the 
gene's ti arisen pi ion are follicli-stimulaung hormone (FSH), testosterone 
withdrawal, 122 anil the proioom ogene mcl. ,w I he two latter stimuli pro- 
voke the elevation of" BAX/BCL-W and BAK/BCL-W ratios in cells involved 
in spent latogenesis. contributing tu their survival by blocking the apoptotic 
offer i of BAX and BAiC 122 Met causes BCL W overcxpression, leading to 
colorectal tumour development. 12 * L-Serand (Jlyean also con tribute to neu- 
ronal suivivHl by the up regulation of the BCL-W gene. 1 * 1 BCL-W promotes 
cell survival by pieventing the release of cytochrome rJ* 5 

e. BOO/DJVA. The human BC1.2 homologue of the ovary (DOO)/d*M\\ 
indueei binding to vBOL2 and apnpiosis-aclivaling factor, APAK-1 (DIVA) 
gene h;is been mapped on human chromosome l5q2l ,2B and mouse chro- 
mosome 9d9 7:4 and encodes for a protein that consists of 191 amino acid 
residues, with a molecular mass of 22.3 kDa, BOO/DIVA is a BC.L2 Fam- 
ily member that was initially isolated because of its high homology io the? 
chicken amiapoptotic protein It displays a very restricted tissue dis- 
iribmion since ii is detected only in the ovaiy, testis and the epidyduriis ol* 
aduli mice,' 0,7 ' 1 showing a wide disti ibuliou in mouse cmbtyu, ,2f ' whereas 
in humans il iscxprc&sed in kidney, liver and ovaiy. 120 It conlains the BU I, 
HI 12 and Bl H conserved domains and a hydrophobic C terminal region, 
suggesting thai, it is an inicgial membrane protein, whereas lacking the BI 13 
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The BCL2 Gme Mttnily 13 

motif makes il unable lo hclcrodimerize wif.li the other members of Lhc 
family. BOO/DIVA binds to Apaf-l, and this is the mechanism by which il 
mediates apo ptosis, h has been reported that Apaf-l, the mammalian ho 
mologue of CKD 4 from C. cJxga»s> interacts with ft(X-Xi_ and caspasc 9 to 
loim h ternary complex. This complex blocks the ca.spa.se aniviiy, thus eon- 
n m huiiiig to cell survival. BOO/DIVA also interacts with Apal-1, couti ibuling 
to the regulation of apopiosis in the *anic way. 7 * ,7<1 Proapoptotk: members 
such as BAK, BAX and B1K provoke apoptosis with the. dissociation of the 
complex and the release ofcaspa.se 9. In addition, BOO/DIVA has been 
reported lo acquire: proapoptotk" or antiapopioiic activity, according to the 
cell lypc. 73 '*^* 

/ BCL2A1 (tlF!.1 t HCA.2L5, GRS> UHPM, BCX2M). KM J is ;i human 
gene, cloned from fetal liver and endothelial cells cl)NA libraries, as a tu- 
mour necrosis factor (TNF)-irlducibk: naiiscript, using degenerate primers 
complementary to two conserved legions of the BCL2 family, 127 The human 
gene maps on chromosome 15t|24-!i5 ia8 and codes for a 175 amino acid 
pmiein. 1 he BFL1 protein protects endothelial cells against TNF-induced 
apopiosis. 120 Ils mouse counterpart, BCL2A1. was first identified ftom GM- 
(1SK- induced mouse bone marrow as a. novel hemopoietic-spccilic gene, 
with sequence .similarity to BCL2 and a 72% ;miino arid identity to the hu- 
man lil'LL BFLI/BCL2AI contains all four of I he conserved domains Bill 
lo BH4, missing, however a well defined C-terminal TM domnin, which is 
characteristic of most BCI.2 family proteins. 1 ™ 

HFLl iuRNA has a short half-life and is expressed abundantly in hone 
marrow, spleen, lung and at low levels in various cancci cell lines, thymus, 
testis and small intestine. 1 * 71 * 1 ll has recently been demonstrated that mice 
have ihree func.iionai isoforms of BCL2AI (a, h and c) that are probably 
derived hum gene duplication, 13 -' whereas in humans at. least two isoforms 
ofBKLl were found, one resulting from the exclusion or inclusion of a 50- 
hase pan exon (alternative splicing) of the BFL1 gene, designated as BH. 
shori form (BFLl.s).'* 3 BFLl.s is a novel human Bfil.2 family member that 
largets the nucleus with its O-ierminal nuclear localization signal (NI<S). m 

Expression of /J/7.///K7.2/W appears to be induced by inflamma- 
(oiy cytokines, TNI 4 and iL-l/f, 1 * 7 ' 13 * 1 PMA, 1 * 7 lipopolysaccharidc (LPS), iaD 
pathogens, 1 ™" 1 ™ vascular endothelial growth factor (VEGF), 1W GM-CSF f Mn 
granulocyte Cf>lony-stimulating factor (G-C:SF), 1% 110 CD40L 111 and 1J10 an- 
ticancer drug eioposide, 119 which shaie the capacity lo activate the nuclear 
factor kappa H (NK*H) which regulates BKLI/BCL2AI expression. 1 1H ' 111 
UFLI/KTJ.2A1 can stiongly dhnerize with BAX, thus inhibiting the it> 
lease of cytochrome-c and caspase !J activation and suppressing apopiosis 
induction. 115 117 Theiefoie, this probably involves binding and inaclivalion 
of pio-apoptoiic proteins, such as the BID domain-only protein BID arid the 
multiclomain protein BCL2-rclaUd ovarian killer (BOK). H * 
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TAHLK 2 1'rciapopiohY Members r»f ih^ flCL?. \himi)y 



fipufi symbol 



Approved jfcric name 



Location 



BAX 
BAKl 
HAD 
HQK 

am 

UilK 



HU.'lt.U 
H.W2 

IWtM. 

MX 
niAH'l 



liMf 

HU2I.I {Irmvtmfi! 

fo/.V.*) 
MCJ. f (ttuit\i rifu 

MCI. IS) 
HUC3 



l$Cl«2-aniagonixi/ki1]iT I 
liC L2-untago nisi of oil don 111 
K(.'l.2-rrlniprt nvnrinn killpr 
liI13-im cracung dom tin ci<^ih 

hnmkiri, TICL2 inU-iftiliiiK 

pr<M<*in (rftnwitiK only Bl \$ 

domain) 
UCL2 like 11 (apopiosLs 

f:irHh;ifor) 
liCL2/ndenovimfi Kill 19kl)a 

iuU'im-ling pmirm 1 
liCL.2/ndcnovirua F.l 11 l'J kD* 

iniei filling piuiciu 2 
llCLS/adriiovlnw KM) 19 kn.» 

iifi<r<icung protein '6 
liCI^/Mtviiuviniv Elli 19 kDa 

interacting protein -Mi Ice 
IU;h2/.KlrnoviiHK M it kl).i 

interacting protein 3 

|}CL2/ad*noviras |£| 11 19 KD 

inmTtriing pmirin liki? 
IJCL2-iiucracung killrr 

(«i pu plo.vi.NH i idud i it- ) 
\\ Iymphi.iif1 tyiu*iuv Uiuisc 
PhfirhnllS Prtyristutc 1 3 

iu:i*la<c-iiid»HCft 

piulcin I 
Hcl2 modifying fuciui 
UCUMJVc proicln J 

myeloid rell lrukemii< 
M-qucjicc 1 (BCl.2-iclMic.-d) 
binding component 



<>pi> 1 .ft BCI.2IJ, IIAK VJ)Nl 

2q37 3 JiCLVI.Q, HON I., MWAhU 

22q 1 1.1 MCCltti % MCC*t23Z5 

12 H 21.2 



2ql 1 ,2-2ql 1 ~* /SOD, flfwiJL ;i;r«£y. 

. r »qH&-qiM /Vi/W 

1>h|X1.9 Aty2, />A/7A2 

8p2l NmBNUOh 
llqlX 



J(|21.S 

22ql3..1l 

8p28-p22 
18q21.K 



IfiqM 
20qll.21 

Jq21 



MCCMM42 
NOXA, AJ'Jt 



IICLX, BC1.2L, 1M-X. M-X<. 

HCI.-Xs, DKi'Yf'ASiJVOyJ 
TM> EAT, MGUS, 

M0CASB9 



10q1<L<lq1.M //Y/, W 



B. Subgroup 2: BAX-Uke Death Factors 

/. Highly Conserved Proapoptotic Cents (Table 2) 

a, BAX(Tiaxutn). Somaiir rrll hybrid panels and waito hybrid izHi ion MW 
indicated dial the human JMJfgcnc maps on chromosome 19q.l3.3-q 1 
Ihc /MX"grn(! consists uJ'G exona and 5 intervening in Irons encoding lur 
ri 21 kD,i proicin, luuncd BAXv (alpha). The latter, usually called BAX, 
proserin* high homology to the BCL2 protein, containing die consuved le- 
gions M-I1, RTT2 and JBH3, enabling it to iiereiodiincri/C with iMJL^ and 
u> display ils proapoptotic lunclion. 8 The tbniiudon of litstcsrodiincrs be 
iw<!C!n RAX and the other members of the BCL2 family is implicated in 
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I he regulation of the apoptotic merhani.srn. 12 However, a recently identi- 
fied cytoplasmic BAX-bmding protein, Itll-'-l , lacks any of the already known 
features of the nr.1.8 family members, and instead contains an Src homol- 
ogy \\ (SH?$) domain neat ils C-lcnniiitis. 150 Its liAX-biiidiny activity im- 
plies thai riAX can mediate apoptosis via indireel interactions witli tyrosine 
kinases. 

The HI 13 domain of BAX is essential for its homodimeri/.aiion and its 
hewiroriinierization with R(X3 and BCLtXl. I!>1 Furthermore, the protein 
eontainsa hydrophobic Olcrminal region essential ibr membrane targeting, 
while HI T 1 and BH2 domains show homology to pore-forming proteins that 
contribute lo apoptosis. 

In addition lo producing the major BAXa protein, which is the tiausla- 
lional product of the whole gene, the- latter undergoes -alternative splicing, 
ri-Aulnrig in the production ot the proteins BAX-^, IJAX-y and BAX-S, Un- 
like BAX-0 iind BAX-<$, which are cyrosolic proteins, BAX4 hicks (he peptide 
■ cgiou encoded by exou 3, whereas it retains the Bill and BJ 12 domains as 
well as the hydrophobic C-terminal region. Another BAX isofornt, BAX-c/, 
has been recently identified. BAX-flr contains BHl, BII2 and BIB domains. 
lhcu-5 and or-ti helices, and also ihcG-icrminal hydrophobic transmembrane 
domain, hut lacks the amino acid residues 159 to I7l. ,f * 

The himoui suppressoi pf>3 seems to be a icgulatoi of BAX at (he tran- 
scriptional level, indeed, it has been proved that the promoter of the BAX 
gene bears Low icgions with high homology to the consensus pf>3 bind- 
ing sites. |I,M On the othei hand, in vUw cxpeiimciits have shown that p&3 
up-regulates the BAX gene, while in vivo lissues of pM -/- mice showed de- 
creased levels of the piotcm/ 1 * 

BAX is (he rhTUrieaih-prornoiing member of the BCI.2 family robe identi- 
fied, and it was detected as a protein ro-puri fieri with BC1.2 in immunoprecip 
iiaiion sruriiex. ,M Its proapnprotic function was proved when overexpression 
of BAX in an 11.-3 dependent cell line accelerated apoptosis in the absence of 
IL-3. Immcellolar localisation studies demonstrated that BAX is initially acy- 
losolic monomel ic protein. Following exposuie to a death stimulus, however, 
it translocates to mitochondria and becomes an integral mcmbiaiie protein 
ih;u can be cross-linkable either as a hoiuodiinei or a houiomuUimcr. 70, 
This occurs because I3AX is predominantly cytosolic in a coiiioitnaiion in 
which its N-tcrminal helix-1 is hidden. Upon proapoplodc signalling, BAX 
undergoes a coufonnauonal change that exposes its N terminus and, possi- 
bly, iis BH3 domain. ir><U57 This allows its translocation and its light suwociu 
lion with the mitochondria, through integration into the outer membrane 
and formation of homo-oligomcrs and hctcro-oligomers wiih BAK. ,W ~ JH0 
Some controversial dan suggest that IWX interaction with cardiolipin (a 
tnitochondria-specific lipid) is sufficient to trigger mitochondrial membrane 
potential (MMP), 161 or that it interacts (directly or indirectly) with m'tt.o 
chondrial proteins, voHagc-dcpcndeul anion channel (VT>AC), ,,W and ihe 
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adenine- nucleotide Liansloi:ase. IOIJIW - ,HH In any case, ii is likely that BAX 
i»li|»uiitci izHlion and tight association with the outer mitochondrial mem 
biunc loud to MMP, ,0J ' ,W 107 inducing homndimerisation ofBAX protein. 10 * 

The presence of antiapoptaiic molecules such jus BCL2 and BCL-X L , 
can inhibii the activation of RAX following a death signal. 70 However, ihr: 
killing function ofBAX is not associated with its ability to interact with those 
molecules. BAX mediates apoptosis through a mitochondrial mediared path- 
way that can bt: cither (.aspase-assoriated or not, with the raspa-se-riependenl 
mitochondrial pathway being based on the release of cytochrome c from 
I lie mitochondrial membranes. After a variety of death signals, prnapo|> 
loth: molecules translocate to membranes where the antiapoptotic proteins 
already reside. Thus, ihe dimeii/atiuii of RAX provokes changes in the mi- 
tochondrial membrane, such as an alteration ai the membrane potential 
AVAu rind release of cytochrome c. The latter, aikri exposure to cytnsol, 
forms ;i complex with Apaf-1, which, in turn, recruits the initiator caspase- 
H. The activation of the latter leads to a proteolytic cascade and to cell 
disruption.*' 7OJ0 ° 172 The involvement of BAX in ihe release of cytochrome 
<. from the mitochondrial membrane is consistent with its ability ro form 
■on-conductive pores in artificial lipid bilaye.rs m mtm, and this leads to the 
i elease of synthetic, subs I rates* 59 

BAX bits been reported 10 interact with porin and to form large pores 
(VDAC).'*- Outer membrane proteins such as poiin, in association with in- 
ner membrane proteins such as adenine nucleotide transporter (ANT) and 
other proteins such as adenylate kinase and hcxokinasc, compose a mulii- 
meric complex thai forms a large poic, called peimeubility transition pore 
(V I P). BAX co-imuiuimprecipitates with \ Y Y\\ m implying that this possible 
interaction inci eases mitochondrial permeability. However, rhis surest ion 
is umliovcisial because it has been found that cytochrome c release occurs 
even in the absence of FIT. m When (he dimcr enters (he membrane, ii un- 
deigoes a conformational change by protruding ^terminal region into 
the cytosol." 5 The physiological purpose of this is to keep the molecule in a 
dose conformation until an apoptotic stimulus appears. 

On the other hand, BAX can mediate apoptosis through a caspase- 
independent pathway. Indeed, Xiang d uL m and McCarthy et al m demon- 
strated that 14 AX could induce apoptosis in conditions that cause btoad cas- 
pase inhibition. 

Important (hough it may bo lor apoptosis, the mechanism ofBAX icjju- 
lation is poorly understood. Regulation of BCL2 family mcmbcis can occur 
by a numbci of mechanisms. Lewis at alP 1 have demonstrated that recom- 
binant liAX lacking the G terminal tail is phosphorylated in vttm both by 
MAP kinase 1 (MAPK1) and protein kinase A (PKA) t and that Serl84 is 
inipoitani for the regulation of BAX activity. Its phosphorylation requires 
PlilK protein kinase B (Akt) an ton inn and appears to be mediated by Akt 
itself In ils phosphorylated form, BAX was detected in the cytoplasm and 
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piouiolcd hereroduneri/aiion with MCI J, BCL-X^ and BCL2A1. Apoptolk: 
neutrophils possessed reduced levels of phosphorylared BAX, correlating 
wiili mi increase in activated RAX as well as an increase in the amount of 
BAX found io have boon translocated lo the mitochondria, it has also been 
suggested that such a phosphorylation inhibits the effects of BAX on the 
mitochondria by maintaining the protein in the cytoplasm, hclctodimeri/cd 
with aniiapopioric BGT.2 family members. There are also reports indicat- 
ing i h ;-i I. BAX function is altered in chronic inflammatory diseases and that, 
under these conditions, neutrophil apoptosis is signilkanrly attenuated, 178 

UAX is a protein important for the control of cell death. Cells that ovci 
rxpress BAX show enhanced apoptosis, 179 whereas /MX-null rells show re 
sisiaucc to apopiosLs. BAX expression has also been associated with tumour 
development and hematopoietic malignancies,^ 1 180 

b. HAKI (BCL2U, HAK, CI)NJ ), BC1-2 homologous an Lagonisi /killer 1 
(B/UCl) has Ix-urn cloned as a #<7/<2-r«lat«d gene, which consists of 6 exons 
and maps lo chromosome 6p21.!i on the human genome, 161,18 * encoding a 
21 l-amino acid protein with a rclauve moleeular weight (Mi) oi "23,400. It 
is a death promoting member of the BGL2 family, structurally and function- 
ally very similar in BAX, and contains the conserved domains Bill to BIKi 
and a hydrophobic core in its C-terminus. BAK presents a widespread tissue 
distribution, 185 and its i emulation lakes place at the transcriptional level, with 
overexpression ofp&3, 181,J)& or in intra TNF-y trcatm en t, l ~-> m up regulating 
the cxptcssiou of the gene. 

The antiapoplolic member BCL-Xj. interacts widi BAK, 1 * 7 inhihiiing its 
activity. 172 However, since BAK h;is a similar srructuic to BCIj-Xl, with the 
■41 11, BI 12 and BI IS domains forming a hydrophobic pocket that prevents the 
Bll!i domain from fining access to the hydrophobic: pocket of BCL-Xl, ,H7 
a conformational alteration must lake place in order for BAK to proceed to 
h el ere >d i m <*ri /.a tion , 1 1 

1 he hint linn of BAK has been correlated with i he proapopr.oiic truncated 
BI 13 inicrartingdomain death agonist protein (tBID) .Indeed, /Mff-dcHcicut 
miiochnndria are unable to release cytochrome r when rhey are exposed 
io tBlf). w On the other hand, BAK, in coordination with IBID, a death 
ligand that binds lo BAK, can trigger cytochrome c release through miio 
chondiial pore fonnation. Its J'as/ Fast-mediated activation leads to translo- 
cation into the mitochondrial membrane. There BAK, which is allostcri- 
< ally responsive to tBUX producer homodimers or homo-oligonicrs, causing 
essential changes in mitochondrial membrane potential and inducing the 
release of cytochrome c, which subsequently initiates the Apaf-1 proteolytic 
cascade. 172 ' 176 It is important that BAK does not enhance mitochondrial pore 
permeability transition in this mechanism.'** 1 *' ,H!) 

BAK can mediate apophysis in an additional caspase-independent 
pathway. 1 ™ In agreement with this, cells lacking BAX and BAK did not re- 
spond lo apopiotic stimuli that aci via rniiochondrial membrane disruption, 
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such as the cheinothcrapcutic drug etoposide, growth factor withdrawal, and 
exposure* in UV. ,B0 

Sun d ai m identified and characterized N-BAK, a neuron-specilic iso- 
form of HA K. N-BAK is generated by neuron-specific, .splicing of a. novel 
20-hasc pair exon, which changes die previously described BAK, contain- 
ing I1CL2 homology domains JVMi, BH2 and BH3, to a .shorter BTT3- 
doniiiin-only protein. N-BAK transcripts arc expressed only in rem ml and 
peripheral neurone, but not in any other cells, whereas BAKitself is expressed 
ubiquitously, except in the neurons, Neonatal sympathetic ncuions micruin- 
jected wiih N-BAK have been shown to resist apopioiic death caused by NGF 
removal, whereas iiiicioinjected BAK accelerated NOF deprivation-induced 
death. Ovei expressed BAK killed sympathetic neurons in die presence of 
NCJK, whcicas N-BAK did noi. N-BAK was, however, still death promoting 
when ovci expressed in non-nouronal cells. Thus, N-BAK is an antiapoptotic 
BI l,S domain-only proiein but only in the appropriate cellular environment 

c. BOK (BCL2L4, BOKL> MCC46V)/MriK(M11) M MTt). BOK wis first 
ideiililicd from a rat fusion ovarian cf)NA library due to its hctcrodimeriza- 
tion with the aniiapoprotic MCU, m whereas its mouse homologne ( MTD) 
was identified from a mouse gene database. 142 BOKIias been picdomiiiaiitly 
detected in all reproductive tissues in rats, such as ovary, testis and uterus, 10 " 
su^siing an irnpuilant role in the reproductive system, whereas MID is 
mostly expressed in lymphoid tissues. m * v J * II consists oi'21 3 amino acids and 
pi messes ;t predictable molecular mass of about 23.5 kDa. IM,1M UOK/MT1) 
shows high homology to BCL2 since if hears the BH 1 , BH2 and 1MB t:on 
set ved motifs arid a hydrophobic C-terminal TM domain, and lacks the Bl 14 
domain, like the other proapopioric members of the family. Furthermore, 
BOKcontains two potential phosphorylation sites at its N-rerminu* that could 
play a regulatory role. 

BOK/M TD possesses the unique ability to interact selectively with .some 
of the annapopiotic members ol the family. Thus, unlike BAX and BAR, it 
<loes not interact with BCX2or BCI^-Xl 1 ™' 10 * but only with M(X1, BFL1 and 
the Kpstcin-Barr-vii us-derived BHRF-L 195 * These results surest thai BOK in- 
teracts with MCL1 in reproductive cells to regulate apoptosis. Indeed, MCL1 
is highly cxpicssed in the ovary, whereas BCI.2 is not. 19 * The common lo- 
c ali/auon of BOK, NOXA and MCL1 in mitochondria further supports die 
interaction of BOK with MCI A as well as with NOXA. 194 " 190 

The piesence of caspa*sc inhibitors such as crmA did not suppress the 
BOK/ MTD killing activity. On the other hand, an MT/>mutant, with substi- 
lulionsof highly conserved amine; acid residues in the BHS domain, retained 
its killing activity, while another MTD mutant., lacking BHJ, BH2 and COOH 
domains, was unable to provoke apoptosis. m All I be above data suggest that 
BOK/MTD mediates apoptosis via helciodiincrization with antiapoptotic 
proteins 197 or by disruption of the mitochondrial membrane, 67 as is the case 
with BAX at id BAK. 
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niRNA ;ind protein expression analysis demonstrated that treatment of 
SI 1-SYJiY cells with ciuposide resulted in p53Hlependent induction of die 
/JOATgenc, which preceded ui coincided with cytochrome* icleasc. |,JH No 
induction of BOK or ryiochrome-c release was delected in etoposide-lrcaied 
MCF-7 celb, m bul intrinsic DNA damage raiises expression ol BOK in MCK-7 
rolls, resulting in ihc release ui' cytochrome: c to the cytosol without exter- 
nal ireanneni. 100 Inhibition ol BOK gene expression protected germ cells 
from apopiosis. During tcsliculai development, the highcsl cxpiuuioii oi* 
HOK mKNA occurs at the time of apoptosis. According to recent data. BOK 
expression increases with development >ls apoptosis increases ovei time in 
i.dla K in B . 

Two isolorms of /JOtfgene have* hewn identified as a result of alternative 
.splicing namely ihe wild-type (WT) isoform BOK, which is found mainly 
in ihc mitochondria, and the smaller splice variam BOK-S, predominately 
found in ihe eyiosnl. 197 This spln:c variam derives from ihc splicing out of 
exon 3, retaining the BH2 and hydrophobic I'M domains, but BHI and 
BII3 domain/; are not affected b) the process ol splicing. UOK-S is unable 
to dimeri/.e, all hough it can still promote death, implying that it stimulates 
apopiosis bydainajpng the intracellular membranes, 107 Overexpression of cy- 
losohr; BOK in a bursal lymphoma-derived cell Hue, DT40, induced apoptosis 
thmujjh a mitochondiTdl-depcndeni pathway, whereas the wild type isoibrm 
of BOK had a i educed phenotype in die.se cells. 5100 In contrast, ovcrexpics 
sum of BOK resulted in extensive apopiosis in myc.-indur.ed pre-neoplasiic 
huisal cell po|>ulations bm noi in tumour cells. 



C. Subgroup 3: The Pro Apoptotic BH3-Only Members 
of the BCL2 Family 

1. Pnmpoptotk Bin-DomaituOnty Members (Table 2 ) 

a. BAD (BCt.2l.ft/iUiC2). The BCL2-antagonisl ol cell death HAD 
gene maps lo chromosome UqlS.l and encodes for a pioLcin product 
of US8 amino acids. BAD (BCX-X L /BCL2-associaLed deadi promoter) is 
a prnapuptolic member of the BCL2 family of proteins that was initially 
detected because of t is ability to interna with the nrni-apoptolic proteins 
BCl rX L and BCL52. On the other hand, it neither hetcrodimcrizes with other 
members of the family, such us proapopioric BAX, BGL-Xs, antiapoplotic 
MCI J and BFLI/BCL2A1, nor homoriimerizes> vl BAD dimerizaiion with 
BCL-Xj, and BCL2 icKuhed in inaciivaimn of ftCI.-X]. Inn not in thai of 
BCL2.- 01 The BAH protein presents minor homology with iho BCf ? protein 
since it contains only the BHS domain. Similar to the other members of 
Ihe family, ihe BI13 domain is essential for iLs hcicrodimerization with the 
other family members. 1 " Nonhcrn blot analysis demonstrated thai the BAD 
protein presents a wide tissue distribution bul is expressed at higher levels 
in lunff. ovary, uienis and brain. 202 
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HAJ) was Ihc fhsi BH3 domain only molecule 10 be associated with signal 
iransduaion through its differoniial phosphorylation in response in exna- 
c(. b Uiiiai' sui-vivril factors. 11 Dephosphoiylated BAD appears to be active and 
hound to RCL2 and BCL-Xl in the mitochondria, whereas, when phosphory- 
\aw(\ on .srri nc residues (Scr-70, - 1 1 2, -1 -1 55 and -1 70) , it is inactive 209 WMI 
resides in the cylosol, and am he bound to 14-3-3 protein.* 10 The cleavage 
oil 4-3-3 protein during apoptosis promotes cell death by releasing the asso- 
ciated BAD and (kr.ilha.iing HAH translocation ro ihe mitochondria and its 
interaction with BCIj-Xl. 210 I'aetors including 1L3, lGF-1, platelet-derived 
prowl h factor (PDGF). and Nf!F transduce intracellulai survival signalling 
mediated by activation of kinase cascades, resulting in the phosphorylation 
of death substrates, including BAD, 211 " 21 * Accordingly, transgenic mice car- 
rying BAD mutants lacking phosphorylation sites exhibit defect* in yiowth 
1'acior-rkpem.lent survival. Thus, the reversible phosphorylation of UAL) 
represents a critical sensor lor survival signalling and a determinant for the 
outcome of apoplolic stimuli. 

A nuinbci of dilleiciit Sei/Thr protein kinases are known to phos 
phorylate BAD at different Ser tesidttcs in the protein. The most-studied 
phosphorylation sites are found at serine residues 1 12, 13G and 155 in the 
mouse prnlein 21im ~ 2,R and Ser- 75, -99 and -118 in the corresponding hu 
man protein/ 21 * 1 Recently, one more sire, Set -170, has also been shown to he 
phnsphorylnied in response to growth factors, preventing cytotoxic effects of 
UAI).- 0:l ~* m BAD ran be phosphorylared by different kinases, in particular, 
Aki/PKR at Sci-1 3G * 15 ' W6 HAD can be phosphorylated at Ser 112 by riboso- 
mal Sh kinase 1/2 (RSK 1/2), PKA and p-21 -activated kinase (PAR). 817 210 
I'KAand KSK1 can phosphorylaie KADaLSci-iDS. 805 - 207 Cyclic AMP (cAMP)- 
dependent PKA phosphoiylales BAD at murine Scr-112 and 155, while 
IMS k/Aki (PKB) phosphorylatcs murine BAD at Ser-136. 205,220 Tn addition, 
human BAD can he phosphorylated at Ser-75 by Racl. 2 ™ The most recently 
identified BAD kinases are PAKs. While PAK1 and PAK2 were shown to phos- 
phorylate murine BAD at both serines 1.12 and 130, 221 ]'AK4 and PAK5 
only phosphorylate murine BAT) at Ser n2. 223 * 224 BAD is also phosphory- 
lated ,n Serl.% by Akt kinase, both in rm/oand in vitro, blocking apoptosis 
iri(KKtiori. 22r '- 2rt PKA resides in the mitochondrial membrane in die pres- 
ence nf survival factor IT ^3. After deprivation of rhe enzyme is activated 
and phosphorylatcs BAD spccilically at Serli2. 227 PTM-2 (34 kDa) kinase 
does not appear to regulate expression of BCI.2, BCL-Xj., BGL2 interacting 
mediator (BIM), oi BAX pioLeim, However, this kinase can phosphorylate 
BAD on Sei 1 12, which accounts in pat t Lbi its ability to reverse BAD-induced 
cell deadi, 228 

Ovei expression of BAD mRNA in granulosa cells induced apoptosis, 
which was reversed after treatment of the cells with a caspasc inhibitor 20 * 
Thus, we can say that BAD mediates apoptosis viuacaspasc-dependent path 
way, Evidently, the association of BAD/UCL2/UU^Xi. results in the release 
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of cytochrome c, which, in turn, activates the piolcolylic caspasc-mcdiated 
ctscadi:. 201 ' 

Jl has iil.su been shown that ovei expression of full-length, wild-type HAD 
(wi HAD) sensitizes I.NCaP cells (a prostatic carcinoma cell lino., resistant 
lo TNF-relaied apopiosis-inrlucing liganrl fTRAl I, H minced apoptosks) to 
TRAlL-induced a po ptosis, with subsequent iclcasc of cytochrome c and 
Smac/DiABLO from mitochondria. 229 In this upoplolic pathway, wt BAD is 
eleaved ill ao^pa^t:-diipt:ri<lt!iif niririTitti TlrrLi.r^sulLsiii gciicutlionofa protein 
with Mr ofl 5.000. However, LNCaP cells, expressing truncated BAD (tBAD) 
01 BAD mutated at the caspase cleavage sire, were less sensitive to TRAIL 
trcaimcni. when compared to LNCaP expressing wt RAD. Furthermore, dif- 
ferences in phosphorylation of serine residues Forwi BAD and iBAD were 
identified., revealing thai BAD-mediatcd sensitivity ofLNCaP cells 10 TRAIL 
depends on the phosphorylation status or bo lb wl BAD and iBAD.™ 

In contrast to its known proapopiotic function, it has also been repot led 
1 h#n rnriogcnou&ly ovcicxpi eased BAD can inhibit cell ricaih in neurons and 
other cell type*-* 80 The mechanism ^sponsible lor the functional conversion 
of BAD horn :in aniiapoptotic lo a proapopiotic factor involves alternative 
splicing thai produces the N terminally truncated BADy (short form). 230 

b. DU)(M(X:J53J9, MGC423H). The BID gene is localised on chromo- 
some 22q I 1.1 , encoding a protein of 195 amino acids with a predicted molec- 
ular mass of 2 1,9ft kD» in humans. 2,1,1 It belongs to the BII!i-only domain pro- 
teins, and ii was In si cloned from a cDNA library via its interaction with BCL2 
anil BAX.- 01 ii does not contain a C-tenriiiial hydrophobic region, thus it is 
considered acylosolic piolcin. Thi ec-dimcnsional structure studies revealed 
thai BI D displays a hiyh similarity to BCJL^Xl protein in terms ofirs rerriary 
structure. 1 ' ,,i " 71 

BID has a unique role in apoptotie signalling because it links (he deaih 
receptor signalling pathway to the mitodioudiial signalling pathway, medi- 
ated by the BCL2 proteins. Death receptor binding activates caspaae-8, wh ich 
< leaves BJD at Asp59 in its N-feriuinal region. The lcuiainiiig free Otcrminal 
fragment of BID, also known as p 1 5 or rUTD, translocates to the outer mito- 
chondrial membrane, being implicated in the release of cytochrome c and 
the induction of apopiosis. 20 iBTf) is more potent in inducing cell death 01 
intcraeiing with BCL2 than the predominant protein.- 14 - BID and BAX co- 
operate to provoke mitochondrial membrane dysfunction. 2 * 3 One proposed 
model is thai BID reaches the mitochondrial membrane to inactivate BCL2 
or activate BAX. 2,11 

BID pif), similarly to BAX, has been shown to form ion conductive pores 
m vtlwr M BID, after translocation to the mitochondrial membrane, pro- 
vokes the release of cylocluouie r. 20,170 -* 3 * The release of cytochrome c has 
been shown to promote the formation of a cytochrome c/Apaf-l/caspase-9 
complex that activates the latter and results in the cleavage of the effec- 
lor caspases 3 and 7,^ l7( v*>° tvo different tiieories have been developed 
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for i he pi cusc mechanism by which cytochrome c exirs the iniiodioiidiial 
membrane. iBlD could release cytochrome c indirectly by activating other 
membrane proteins. On ihc oihrr hand, tBID as well as BAX m;iy cause a 
number of other mitochondrial events leading to Ihe disruption of the mem- 
brane and the subsequent execution oL the cell, including decrease in the 
membrane potential A^ m . 237 

Jhicc novel isofonns of DID have been identified, I3U> S , BID K i. and 
BID™. BIDs contains the N-ierminal regulatory domain of BID, missing the 
BUS domain; BIDel corresponds 10 full-length BID; and BTDes contains the 
BID sequence downstream of thr BTT3 domain/'** Expression of these iso- 
forms is regulated during granulocyte maturation. According lo functional 
studies, BID K i. induces apoptosis, whereas HHO$ abrogates the proapoptotic 
efforts ol i BID and inhibits ras-mediated apoplosis. VHH However, HlDes « 
.dsn able to partially inhibit the ptoapoplolU: effects of tBID. These three 
novel, endugenuusly cxpiessed, BID forms differ in llicii expression pat- 
tern, their cellular localization and rheir effects upon apoptosis induction, 
regulating in this way the function of BID and thus iufluendntt the fate of 
cells/* 8 

c. J /ILK (DP5 t Ilnmkiri). Haiakiri (HHK) is a. proapoptotic gene of the 
BCJ.2 family, mapping to chromosome 12ql3. l. Mft Its protein product con- 
sists of 91 Amino acids and displays a minor homology in B0I.2 that is 
resinned io a stretch of 8 amino acids that share high homology with 
BIB.* 10 I- IKK proicin also contains a hydrophobic domain at its ('^-terminal 
region, implying its mcmbiauc4>paunmg ability. The protein presents a re- 
stricted tissue distribution since it is predominantly detectable in brain, 
spleen and bone marrow, 210 ' 2 ' 1 J and its expression is triggered by the de- 
privation ofsut vival factors such -as IL-3 orbycheuiotherapeutk agents such 
as etoposidc,* 12 implying that the protein is regulated ar the transcriptional 
level. Induction of HRK/DP^ expression has been observed in NGF-deprivcd 
sympathetic neurons, 241 in apoptosis of conical neurons after exposure to 
amyloid ft? 4 * in apoptosis of cerebellar granxilc neurons induced by with 
drawal of potassium,- 1 ' 1 in spinal neurons of amyotrophic lateral sclerosis 
paiienis t '-' ir 'in retinal ganglion cells of axolomi/ed retina/ 10 in growth factor- 
deprived hematopoietic cells* 47 as well as in blaslomcres during embryonic 
development. 9 18 These data are consistent with the presence of a regula- 
tory region .it. the S'-un translated region of the gene, responsible for the 
binding ol the transct iplional tepressor downstream regulatoiy element an- 
tagonistic modulatoi (DRliAM). Ii hart been deiuonsliatcd thai the presence 
of N.-!* piovokes the activation of DREAM and subsequtmdy blocks HRK 
transcription, contribtiting to cell survival/ 24 " As mentioned before, ovcrex- 
pivssiun of HRK provokes cell death. Since the protein has die ability to 
iuteiaei with amiapopi:otir.lMX2 .md BCL-Xi., it must contribute to apopto- 
sis by inhibiting the protective elleet of these proteins. Recent dara demon 
si rate that, upon stimulation, HKK/DITi is targeted to mitochondria, where 
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Tlw BCL2 Genu Family L 2S 

it internets with p32, a homouimcric miiochondrial protein inducing cell 
apoptosis.-' 0 

//. fia.2UJ (BAM, MM, BOD). The DCLSi-inicraciing mediator (UIM) 
human gene nirifxs on chromosome 2q1 2 or 1 3. It consists of fiexons, tin: liiiid 
ol which is a facultative intron that is spliced out in the niRNAs foi isoforms 
MM long form (LUM L ), B1M jhoii lonn {BIM 4 ), b\H not lor the largest iso- 
form, BIM oxi ra long form (BTMki.). 1 lie region thai contains the TATA-less 
promoter and the binding sites lot svvciul transcription factors can drive the 
expression of a icpoi ter gene. 2 * 1 The molecule displays a minimal homology 
to the family membeis thai is restricted to 9 amino acid residues of the 
141 13 domain and the hydrophobic domain of its Gtrnmim» implying 
its localization at cytoplasmic membranes. 

HIM/ROD is a pmapoptotic gene of the BGL2 family. The protein, which 
has been predominantly delected in hematopoietic, neuronal, epithelial and 
germ cells,^ plays a major role in hematopoietic cell homeostasis, in pre- 
vention ofamoimmnnhy and in cmbryugcnc$to. M,2D0 Us activity is regulated 
at the level of both protein expression and posl-lranslauonaJ modifications, 
such asi>hosphoi7laiion. 2&& - 6V 25 ' J 

Though the expression of the larger isoform (BIMl) predominates at the 
protein level, the smallest protein (BIM) ls the most potent^"* 3 in terms 
ol apoptotic induction. Six more isoforms of BIM have since been identified 
anil characletised, designated as BIM alpha 1 (BTMal), alpha (u2), beta 
1-4 (/*M) and generated by alternative splicing. 200 They do not contain a 
Otei niiiial hydrophobic region, and only BlMorl and a2 contain a BUS do 
main and are proapoptoiie, though less potent than the classical isoforms 
dcsciibcd almve. a<1,) When these iwn isoforms were transiently expressed in 
human cervix carcinoma epithelial (HeLa) cells, they partially localised in 
mitochondria.*-™ In addition, although the classical isolbims were always pro 
dominantlyand unilbrmly expressed in turnout cellsor transformed cells, ex- 
pression profiles of BIM isoforms were highly variable among normal human 
tissues, such as brain, heatl and liver, suggesting a I issue-specific transcrip- 
tional regulation of BIM. 260 HTM)/, the most novel isoform of HIM, generated 
by tetention of a 126 bp intron of the /J/Mgene, displays a tissue-specific 
expulsion pattern distinct from those of the other BTM isoforms. 261 Ii is 
localised boll) in intracellular membranes and cytosol, and it is up-regulated 
in die majority of die prostate cancer cell lines studied; clonal growth is 
inhibited, thus promoting apoptosis. 201 

BIM is a component of the niicrotubulc-aasotiatcd complex. In healthy 
cells, the protein is hound to the dynein motor complex via the I ,U8 riyncin 
light c ■ham. 962 When the cell is exposed to a death signal, such as cytokine lot 
lymphocytes™* or NGF withdrawal tor ncuious,*" BIM translocates to the 
mitochondrial outei membrane.-'* Since it has been found that BIM/BOl) 
inierans wtth BCL2. BCL-X,. and the virus derived BHRF-l, 25 * it is likely 
thai translocation of BIM/ BOD to the mitochondrial membrane leads to 
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M /-/. 'rhrmwtltiki and A. Scoribu 

iriHCtiViifion of die aminpnptorir proteins and subsequent release of cy- 
tochrome c. mimP ' 

IMM K , , the largest alternative ssplicc variant of BIM, i.s scqucsicrcd to mi- 
rmhibulcsiii an unphosplioiylated form by means ofa direct interaction wiiti 
tubulin. Ilh phosphorylation, probably by the ERKI/2 pathway ai. Scr65, 2r * 
lends !<> its release From microtubules and its clenv;igc hi the N-terminus 
by caspascs early in the process of apopiosis, induced by stimuli that ac- 
tivate either the mitochondria or the death receptor-dependent npoptolic 
pathway. - tlt The activation uI'BIMkl Uownstieam horn the caspase cascade 
may provide a positive amplication of apopiotfc signals. 2 * 7 In addition, its 
phosphorylation by ERKI/2 at Ser69 results in its degradation by the protfra- 
soine pathway,-™ whereas its phosphorylation by c-Jun NlB>-rcruiinal kinase 
(JNK) polenliafcs BAX-dependent apoprosix induction. 200 

BIM ectopic expression in diUcrcnt cells, including T lymphocytes, in- 
duces ;l drop of mitochondrial membrane poieniial and apoptosLs.* 70 B1M 
promotes apopiosis by binding to and inhibiting anriapoplotic proteins of 
the BCJ.2 family. 271 ' 272 Tn addition, activation of lineage kinases/c : fun N- 
lerminal kinases,- /, ^" / -' as well as maciivation of R>is/mitogen-act.ivated pro 
tein kinase,* 74 cxliacellular signal-activated kinases, 2715 " 276 and PT3/Akl sig- 
nalling pathways*™ m m have been shown to account for LHM induction 
or activation. Aecoiding to recent data, BJM is up-regulated after T rell re- 
ceptor triggering in human T cells, implicating BIM as a mediator of death 
leceploi-independent activation-induced cell death. 281 

t. BNll* (NIi y ) J*rvtrim\ BCL2 and the nineteen kl>a interacting pro- 
tein (BNIP) proteins, including hornologues isolated from human, mouse 
and Gwrw rhaOdUis elcgrms, are a relatively new subgroup of the BGL2 family. 
They were fust discovered based on their interaction with the adenoviius 
Ell) l9kDa/BQ.2 family proteins.- 8 - They arc proapoptoiic members of the 
UGI.2 family, playing a central role in the regulation of mitochondrial mem- 
brane permeability, I hc BNIP £ioup of pioteins includes: BNIP I, 2* 3 and 
NIX in humans; mUNU'21, a BN1P2 homologue, in rodents and ccWNTPS in 
( hmut htihd His ekga ns. 283 1 

/ ttNIM. P.N1PI protein consists of 22b amino acids dial contain a G- 
IcrminalTM domain, the presence of which enables the protein to lorrn asta- 
hlc association wiili cellular membranes and also accounts lor its i cpui ted lo- 
< aii/.aiion to die nucleai envelope and/or endoplasmic reticulum/ 282 Three 
alternatively spliced protein forms of BNIPl have been isolated, known as 
BNIP I a, b f <:. m Among them, BNIPl and BNIPl -h contain a MI3 domain, 
while BNIP I a and BNIP I < do not. The absence of the B1T3 domain in the a 
and c : variants does not prevent their intci actions with BCI^* 8 * although in 
BNIPl the Bir:i domain is important for its apoptotic function^ In addi- 
uon, BNIPl and ha variant* show a wide pattern of expression in a. number 
of tissues, including bmin, heart, placenta, lung, skeletal muscle and kidney, 
without iheir spec ifn: roles being fully elucidated. 
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Gene Family i ,r i 

/r. HNrP2andmBNW21. BN1P2 isaSiSamino acid protein, which shares 
47% idrniiiy and (M>% similai Uy to the human Rho GTPasc-activating protein 
(CAP). 5 * 2 It does nor contain aTM hydrophobic domain, and it localises ar 
i he nuclcai envelope and rheeiidopla»niii:rHic:iduiii.Traii8fecdoiio( a KNIF2 
cl>NA showed thai UN 11*2 could induce massive cell death and thai BCL2 
mi»n?xpi'cssion restored cell viability W7 

Two BNIP2 isoforms were identified, BNTPSt-Sa (longer) and BNIP2-S/J 
(shorter), which show diU'ci cniial expression patterns in various cells and ti.s 
sues, wiih the expression of BNTP2-Sa causing extensive apoptosis in cells.* 8 " 
A homologous protein of human BNIT2 was isolated from hearts of cox- 
ackicvints 113 (CVB3) inferied A/J (112) mire, known ax mBN!P21. The 
mIiNIP2J gene encodes for a -526 amino acid residue and shares 925 sequence 
homology wiih human BNTP2. Tt is a proapoptoiir proiein thai was found 
to induce apopiosis in HtelA cells and cultured cardioniyocyt.es through a 
rniiorhondria-mcdiated pathway, in which BID is cleaved by raspase-8 and 
iBIf) induces ryiorhrnmc r release from mitochondria, followed by caspase 
activation.- 89 

h. liNIM. HNIP3 (BCI.2 and the nineteen kl)a interacting protein-3) 
gene, the most, well-characterised member of the BMP group of proteins, 
resides on chromosome Mqll.2-12/ 400 and consist ol 007 nucleotides en- 
coding lot -a protein ot'194 amino acids that is widely expressed 2 *' and is regu- 
lated aL the liausci iplioual level. Several homologies of BNIP3, sharing both 
sinicmral and functional similarities, have been identified in mammals; they 
aie Nix (also called BNIPSVBNIPSa/IW)* 1 BNIPL**- J * »N1P3H W and 
in (1 *^n* f ccBNlP3. 2H!,,aM RNTP:J protein (19 kDA intcracringprolein) was 
isolated because of usability indimcri'/cwith theadenovinjs-derived E1U 19K 
protein, provoking cell death and rescuing the organism from inflammation, 
h is a prnapoptotiCj mitochondrial, BH3-oidy domain protein, combining a 
RNtf motif and a Oterminal TM domain, 2 ™ In yeast and mammalian cells, 
BNIP3 interacts with the survival-promoting proteins BCL2, BCI <-X L and cell 
death proicin-9 (CKD-9). typically, the Bl 13 domain of proapoptotic BCI .2 
hoiriolugiics mediates BCL2/BC1,-X|, lieterodimerizalion and confers pri> 
apoptotic act ivity. The native proiein has a molecular weight of 30 kl)a and 
covalemly diineri*/es with a 60 kl)a molecule. 290 However, BN1PS, lacking 
its U113 like domain, is still able io heteiodimerize with BGL2, BCL X L and 
CKD-9 an<l can efficiently induce cell death, with this interaction occurring 
at the NI 12 and COOH termini ol the HN1PS proiein.™ 

Overexpression ofBNJPS induces cell death as a consequence of early 
dilated cardiomyopathy (IX 1M) and reactive oxygen species (KOS) produe 
lion which is blocked by cyclosporin A or bongkrekic acid, inhibitors nf miro- 
chondrial permeability transition (PT) pore opening. ' m In contrast, BNIP3 
ove rex press ion does not. induce cylocluome c release, and the broad spec- 
trum caspase inhibitor Ac-y.VAD.link was incifcciive in inhibiting cell death, 
suggesting that BIMll'3-medial.cii cell death is caspase independent/** 7 
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2b H. Tliuvtadnki and A. Samlas 

i NfX/FJMPJL. The Mxgcnc maps on chromosome 8p2 1 , and its pro- 
tein produce is a significant homologue to BNIP3, possessing a C-lenuiiial 
TVT domain, a putative BUS domain and a TEST sequence. 2 " 0 Similar to ihe 
latict, die protein homodimeri7.es and heterodimerixes with K1 ft 19K protein 
when uvercxpiessed. NIX localises in the mitochondrial membrane, and this 
localization is essential lot its pioapoptolic activity, since lenioval of iheTM 
domain leads <o its cytoplasmic distribution and subsequent iii:u:(iva*iuii * J0 
The I'M domain is significant lbi the interaction of NIX with BCL2 01 IJCL- 
Xi,> the |.nmMia: of which does not inhibit its apoptotic activity. Howevci, 
higher levels of these untiapoptotic molecules can block its function. 2130 In 
vivo, it is rapidly degraded, and its degradation is blocked hy treatment with 
lactacysiin, a prot.fia.some inhibitor. * m 

/. c.MNIPl. The orth ologuc of BN1P3 in C. degans (ccfiNIP3), possesses 
a 21% amino acid sequent e identity with RNFP3. Ft eon tains a C-tei ininalTM 
domain, conserved domain (CD) of 19 amino acids, a BH3 domain and a 
PEST .sequence. ccBNIPS is cxpi cased primarily as a 25 kDa monomer and 
a 50 kl)a homodimcr. !9W,aw Alter iraiisfeclion, ceBNIPSi protein is rapidly 
degraded through an ubiquitin-dependent pathway by die pro tea sonic. Like 
PiNl l J 3, the 'I'M cjonuii n ol ceBNIP3 mediates its localization to mitochondria, 
being also necessary for homodiinei ization and cell death in mammalian 
cells. Neither the putative BII3 domain nor the conserved domain is neces 
sary foi killing. %m ceftNlP3 protein interacts with CKH-Oand BCL-Xc,1miI tin 
like other proapopiotic B(X2 family members, die BHA-like domain does not 
paiiicipate in dimeri/ation. The rcRNTPS TM domain mediates interaction 
with both GETl-9 and BCL-Xi. and intcrar.Ls with CE1.VS, but co-expression of 
CED-!$ and ceBNIl*?$ does not significantly enhance induction of cell death 
in the presence or absence of Clil)-4. w?l ccHNIPS kills mammalian cells by a 
c;Lspa.se-independeul uicchanisni. In conclusion, although u:BMP3 inter- 
acts with CKIM) and CED-3, il kills via a BII3- and caspa-se-independeiH 
nur hanlsiu.- 83 

k. BIK (NBK t l)P4 t BBC 1 1 BW1). The fi/K gene, also known as NBK, 
maps on chromosome 22q 1 3.3 and spans a region of 19 kb consisting of S 
exons and 1 introns. It is characteristic that its S' flanking region lacks the 
typical GAATand TATA boxes, 298 The encoded protein is a human BUS only 
proapopiotic protein, sharing only a region of 9 amino acid residues with 
BG1.2 members^ displaying high homology and similar functions to the 
murine protein BLK, and it contains a predicted transmembrane segment 
at its (i-terminus. Northern blot ;malyaii> indicates an elevated expression of 
the gene in heart and skeletal muscle*'* and rcstiicled cxpicssion in kidney, 
pancreas, lung, liver, prostate and testis, 300 whereas its intracellular localisa- 
non involves the endoplasmic teliculuui in addition to a possible location in 
rniioehimd ria. a0j 

The protein interacts with the atitiapuplotic molecules BC1-2 and BCL- 
Xi., and addiuottally with BI IPRI and the adenovinu-dcrived K 1 B-l Dk. 90 * m 
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Although the protein heterodimerizes with antiapoproric molecules, it has 
been found thai ihis is insufficieni ro cause death. Mutation analysis re- 
vealed that deletion of ihe BHtt domain affected hriorodimerizatiori activity 
bin noi proapoptotic function/™-™* ihcrclbrc implying dial BJ K/NRK me 
diaies ,i pop 105 is via a mechanism independent of dhnei ization. This proiein 
may he phosphorylated ai Ser#f> and Thr8S ro display sufficient activity, pos- 
sihly by a casein kinase Il-related enzyme/'"* in order for apoptosis to occur. 
Furthermore, muiahon of the phosphorylation sues reduced iisapoptotic ac 
liviiy. However, HIK/NKK expression is also enhanced by extracellular dcaih 
signals such as seprin CruiA, calrincuiiu anil P13K. WM07 BJK also may he 
rapidly turned over during apuplosis, 308 

/. Bf.fC (MGCIQ442). Murine BLK protein icsidcs in mitochondrial 
membranes and intciacts with the anliapoptotic molecules BCl-2 and BCL- 
X t _, inducing apoptasis via easpase activHtiOTL 300,sou Since its proapopi.nl ir 
activity is inhibited by mutations in the WIS domain, by overexpression of 
BGL2 and BCIj-Xi, and by reduction of die caspase 9 levels, it is evident 
thai BLK promotes cell death through activation of the cyl.ocluoine c/Apaf- 
l/caspase-9 complex. The presence of BC.L2 or BCL-X^, prevents BLK from 
inch icing cytochrome c release,* 09 whereas treatment of human B lymphoma 
Namalwa. roll line with camptothecin (GPT) leads ro UIK translocation to 
mitochondria.' 110 

m. PMAIFt (NOXA, AFR). The human NOXA gone is located on chro- 
mosome I Hq2 1 , and encodes a 54 audi 10 acid protein produrl which belongs 
In i ho pioapoplotic: BH3-only branch of iJic BCL2 piotein family, whereas 
mouse NOXA encodes lor a 10S amino acid protein, possessing two (A and 
H) JM13 motifs and is constitutively expressed in small amounts in the brain, 
thymus, spleen, lung, kidney and lesiis of aduli mice.* 11 Both human and 
mouse NOXA possess a p53 response element at their promoters. 311 

NOXA is a crucial mediator of p. r >:i-dcpendenl apoprbsis in die livei* 1 * 
induced by X-ray irradiation.'"'* lis mechanism of action involves its translo- 
cation 10 mitochondria, leading to ryinrhrnmc r release and caspase 9 
activation. * n Two domains of NOXA protein, BH3 and mitochondrial 
targeting domain, are essential lor the release of cytochrome c from mi- 
tochondria to the cyiosol ihiough activation of the permeability transuion- 
relaled pore, reveahnu a palJiway of mitochondrial dysfunction distinn from 
that induced by lBU)/ J1 

I luman NOXA induced a|>opiosis in various cells, including Saos2 cells, 
in a Bll^ iijoulklependent manner. Increased expression of NOXA mKNA 
wus observed in Saos2 cells in feel ed with adenovirus encoding p53 315 as well 
as in BAJ r ■} cells induced to undergo apoptosis by irradiation. 315 When an an- 
lisense oligonueleoride to NOXA was exposed to both Saos2 and BAF-3 cells, 
the increased expression of endogenous NOXA in response to p53 was in- 
hibited, as w;ls p-K3-mduecd apoptosis, whereas control oligonucleotide had 
no elfect/' ir> In addition, ectopic (expression of NOXA in IleLaor other cell 



98/92' d 



01dSn:oi 



Si70Z8SblT9 dTI 9NI813 QNb MaUlO : wo jj bb:8T 9002-6T-*inr 



J3-«:(ss-uiu^ NOUVana * WiaiSO * 90iOE«:SINa « 9WS-JHXd3^>ldSft:iiAS , [auj|i w6!|Xbq uajsua] Hd t9:9£:9 900Z/6I-M IV QAO^J » 98/ZG 30Vd 



//. Tkomutktki and A . Scwilas 

lines wiih adenovirus-medialed gene expression, independently oFihcir pKS 
status, caused apoptosis in more than 90% of cells 24 It alter virus in foci ion.* 14 
n. HME BCL2 modifying factor (BMF) is a HI I3-only pioicin thai hinds 

10 proxurvival BCI.2 family members, Mich as MCLl, BCL2, J3C1^X L> and 
BCL W, 10 initiate apoptosis, but does not interaci with the celled pioapop- 
ioiu: family members (BAX, BID, BAD) * 1fl The proapoptotir activity of 
WWW is icgulaled by iLs hitciacliou with the myosin V actin motor complex 
through its binding to dynein light chain 2 (DLC2), which, in healthy colls, 
sequesters it away from f he sites where aniinpoprofic RCL2 family members 
reside (nuclear, endoplasmic reticulum and mitochondrial membranes) * 17 
In response io stress stimuli, such as ultraviolet irradiation or detachment 
of adherent cells from iheir substratum (anoikis), BMF is released from the 
myosin V motor complex, translocates and binds inantiapoprotic BCL2 fam- 
lly proteins, such as MCLl, BCI.2, BCl.-X,, and Bd/Wl 5110 " 918 in addition, 
BMF and B1M are phosphorylatcd by JNK, causing their release from the 
motor complex. 31 * 

WWiuKNA has been detected in B and T lymphoid, myeloid and fihmb 
lasi cell lines, a* well as in mouse enibi yosai all developmental stages. 1 * 17 BMF 
pioiein has been detected in many mouse organs, predominately in liver, kid- 
ney, parici cats and hematopoietic tissues.* 1 ' 7 Its expression in human Jurkni 
T lymphocytes, L929 mouse fibroblasts and IL-3-dependunt FDC4M mouse 
promyelocyte cells induced apoptosis in about 80% of Juikal cells within 24 
h and reduced L929 colony formation by 65%, which could he inhibited by 
cispase inhihiior or hy roexprcssion of BCI.2 or its homologues. yi? 

"J too alternative splice variants of BMF, BMf-H and RMK III, wen; identi- 
fied unrl cloned Prom R-chrunte lymphocytic leukemia (B-CLL) cells cDNA. 
Both ul them lacked the BUS domain, still retaining their DI.C2 binding 
doirtaiu. Expression of BMF in HeLa cells reduced colony formalion and 
induced apoptosis, whcicas BMF II and BM.F-UJ expression resulted only 
in colony increase. Furthermore, die expression profiles of BMF mRNA and 
those of its alternative splice variants differ, since BMF was expressed in many 
cell types, but mosilyin normal and leukemic Blympoid cells, whereas BMF- 

11 and BMF-III were mainly expressed in B-GLL and normal B cells, although 
they were down regulated in ft-CT.T- cells by serum deprivation.*'* 0 

o. MIC) (HJMA/JWIJWI, PUMA). The p53-up-rcRulated modulator 
of apoptosis gene (PUMA), also known as JFYI or BBC? (BGL2 binding 
component. 3), was mapped to chromosomal locus I9ql3.3 ql 3 F which is 
fVei|u< ndy deleted in hcad/ucck squamous cell carcinoma (IINSCC) and 
lung cancer,* 21 327 and encodes a Bl 13-only member of the BCI.2 family. 32 * 
PUMA was initially identified as a gene activated by p53 in cells undergoing 
pftt-induted apoptosis*- 8 aau and as a protein interacting with BCI.2.' 125 It 
is characterized by low expression levels, a GC-rich coding sequence, and 
lack oi 'sequence homology to known apoplolic proteins. As a result of alter- 
native splicing, the gene encodes for two BTIS-doinaiu-containing proteins, 
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PMM/W and l'lLMA-0, which show siniilai activities. They bind to HCL2 
and locali.se: to the mitochondria, inducing ihc release of cytochrome c and 
activating the apoptolic pathway. 

Yu el ai determined in 2001 that the J.93 amino acid PUMA protein is 
exclusively mitochondrial, and hinds lo BCJ.2 and BCl.-Xi through a BUS 
domain, inducing apoplosis.* 9 * Exogenous cxpicssion of PUMA in colorec- 
tal cancer rolls, 328 as well as ovei expression of PUMA in various cancer cell 
lines' 121 * mid induction of endogenous p5S through UcaUnent with DNA dam- 
nging agents, 328 nil resulted in apoptosis induction regardless of the p53 
status of the cell. 331 In particular, apoptosis induction by PUMA overexpies 
sum in Rflfi2 mils was through a JtAX-de pendent mitochondrial pathway. 332 
PUMA is required for apoptolic pathways induced by multiple and diverse 
apoptolic stimuli, such as ionising radiation {1R), cytokine withdrawal and 
deregulated e-Myr expression. 531 I r ui liter mote, PUMA inRNA levels were in- 
creased in response to disiinci apoptolic stimuli, such as thymocyte treatment 
with doxamethasonc or serum deprivation of tumour cells, whereas growth 
lectors, such as IGF- 1 and epidermal growth factoi (KUF), suppressed PUMA 
expression in acrum-tfUtivcd tuijioiu cells. ' S2b 



D. Newly Identified Genes of the BCL2 Family (Table 3) 

1. BCLAFl (BIT, K1AA0IM, Hk2Ul9J 

The B(]L2-associared transcription factor (KIT) gene, also known as 
KIAAQ164p $ maps io chromosome 6<]22-23j whose deletion is involved in 
the development of some cancers ''Hsso Ucncodcsa novel protein expressed 
in a wide variety of tissues such as heart, brain, placenta, lung, kidney, and 
pancreas, hut mainly in skeletal muscle. 3 * 3 Two ZJ7Y r trarisciipl$, BTP$ (short) 
and nrt L (long), have been identified. 335 Although both appeared to be 
widely expressed, diey were deleted in some tumours. BTF.v diflfcix liom 
IVI k l in just 49 amino acids in the G-rerminus region 3 * and carries an N 
terminal ■ ich in glycine and .serine, a feature characteristic of transcriptional 
icpicssoix. 3 ^ Ils main function is to bind DNA and act a* a death-promoting 
transcriptional r epressor. It has been identified because of its ;ihiliiy to in- 
teract with the adenovirus-derived E IB- 1 UK protein/ 1 ™ It can also difficrize 
with the BGL2 and B(':i/X L proteins but not with die pruapoptoiir protein 
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BAX, leading to if* sequestration in the cytoplasm and abrogating its tran- 
scriptional repression activity. 

In nnnapoptoiic HeLa ceils, BIT was found Lluuuglioul the nucleus 
core, as monitored by indirect immunofluorescence. 3 ^ However, induction 
of apoptosis by Kas resulted in Llic iclocalizalion of BTF near llu: nuclear 
envelope.* 36 In addition, sustained overexprcssion of BIT in HeLa cells in- 
duced apoptosis by a rnrr.hani.sm involving die inhibition of anliapopiolic 
RC1.2 family proteins/™*' 

2. BCL2L13 (BCLrltAMBO, MIL) 

This widely expressed protein displays a significant homology to the 
Hill Si lamily oi' proteins, combining all four conserved Till domains (Bill, 
BI 12, B1I3, BIM), separaied from the characteristic hydrophobic (.terminal 
membrane anchor (MA) by a 250 amino acid insertion with two tandem 
repeats rich in serine residues** 7 It is charactci ised by pioapoplotic activity 
and is localised to mituchoiidiia in mammalian cells, although it appears 
in induce apoptosis independently of the classical mitochondrial signalling 
pathways. - t3 ' This is consistent with the tact that it does not interact with othei 
pro- or antiapoptotic members of the family or with death rcceplois.^ Its 
proapnptolic capability can he blocked only by inhibitors of apoptosis, known 
as IAI% and not by any -other ani iapoptoiir. members of t he BCL2 family or 
inhibitoi s of death-recepior signalling. m It is believed thai its regions that do 
not contain BCL2 homology domains and MA domains arc likely responsible 
for the induction of apoptosis, but via an unknown pathway not involving its 
BI I motifs, forming a new subtype of IKX2 family proteins, ,S7 

A splicing variant, BGIj-RAMBOu (beta), was recently cloned from the 
human lymph node cDNA iibraiy. 83 * ll contains a 98 bp AluJikc sequence, 
with an exon-like activity, and an in-frame Stop codoii, 53 * This splice vaii- 
ani expresses a premature KM amino acid protein which contains only the 
BIM domain and lacks the C terminal region. 8 *" Therefore, it is localised 
throughout the cytosol without being able to translocate to mitochondria 
when apoptosis is induced, although it retains its proapoptoric activity alter 
cell treatment with etoposide or laxoL 338 BC1.-RAMBO heia is expressed in 
many adult human tissues, such as lymph node, heart and uterine cervix, 
although il is absent in human brain tissue.™ 

X DCL2LH (BCL-G) 

HCJrG is another novel human proapoptoiic member of the RCL2 
gene family. The gene maps on chromosome 12pl2, consists of 6 exons, 
and undergoes alternative splicing producing three different proteins des- 
ignated 'short,' •median,' and 'long 1 (DGMi* BCLC M , BCL-Cr), whose 
overexpiession in various cell lines, such as COS-7 and IIF.K293T* induces 
api»piosis/ mJM0 The largest product, BCL-C|, (327 amino acids) is diffusely 
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77* BCL2 four Family HI 

disdibuicd in the ryiosol and displays a wide lissuc distribution, including 
bone marrow, prostate, pancreas. colon> testis kind spleen. It possesses both 
BI12 And HI 13 domains/ 130 and ii can interact with IJCL-Xl, which blocks ils 
proapoptoiic fund ion. Alternative splicing ;ir exons 7 to 1 0 also results in ttic: 
median-iiKsi/c isoioritt, BCL Gm, whose protein product possesses 270 amino 
arid residue, lacks the BH2 motif and is expressed mainly in icsiLs (reverse 
iransrripfmn-polymerase chain traction [1U-PCR] analysis)/* 10 The smallest 
splice variant protein, liCL-Gs (2f>2 amino acids), is expressed strictly in testis 
and localises to cytosolic organelles. 339 It is a B1I3 only domain protein and 
is more potent, in terms of apoplosis induction, than the latest var iaiU. 9!M> A 
possible posl-lranslafional modi firai ion of BCI.G protein by nl>i(]iitriii-likc 
(l'bi-L) polypeptide acceptor proroin might be implicated in murine T cell 
activation, spleen, thymus and lean's because of the complex formed between 
Ubi-L and 1*CLG/ H1i 

4. MAM 

Modulator of apoptusis-1 (MAI 1 1) wanuLlici pioapuptulic EH 13 domain- 
only prolein. f( can undergo selMimerization and can also interact with 
1'iAX, BCL2 and BCLXj. lo form dimers in rmand in vitm 'm mammalian 
cells. Its association with BAX through its TVTT3 motif seems lo be rcsponsi- 
hle lor its caspasc dependent proapoproric function, which is evident upon 
ovci expression.* 11 ' 

5. HCL2L10 (BCL B, BOO/DIVA) 

BCL-Ii is an anliapoplotic gene 126 * 1 '* 3 '^ 4 composed of 2 exons and J 
inn on. 344 It encodes for a widely expressed protein in adult human tissues 
(KT-PCR analysis), wirli its highest levels lypirally found in liver, pancreas, 
kidneys, brain and lungs* 41 '* 1 ' 44 its closesi homologue in amino acid sequence 
and oveiall or^uiixairion is die BOO/DTVA protein in mice 126 and Nr-13 pro- 
lcin in quail. 345 Ir bears all Tour conserved BH molds (HHIJiHS, BH8, BT14), 
as well as a membra w>iargenng hydrophobic domain at its CMorminm.™ 4 
It is capable nf interacting either with the anliapoploiic molecules BCL? 
and BCI.-X L or with the BH3 domain of (lie proapoptoiic protein BAX, but 
not ItAK, suppressing its dcalh-sliiuukitiug activity. 311 It is believed lhai BCL- 
B may display dilferential pheuorypes depending on the cell type. Its sile of 
action is close 10 huraccllulai organelles, like the nucleaj envelope and milo- 
i houdiia, wilh which it associates.* 14 Tn addition, itsantiapoptotir function is 
climinaicdwhcn ilA(>u:riuirnwisd(dc!lcd,enharicinj{lhc:i<lca thai BCL-B me- 
diates apo ptosis in a mitochondria Wependent manner/** 44 ' 345 Tt is mapped 
on human chromosome l5q2l.2. !Mft li shares 40% amino acid homology to 
mouse BOO/DIVA prnicin, whose gene is localised on chromosome 9 and 
txpi essed only in the ovary, and ii possesses eiiher ant i-or pr oapoptotic func- 
tion, depending upon cellular content. However, BCL2LJ0 rnllNA has been 
lbund lo be expired in many human lissucs. 510 This discrepancy may be 
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explained l>y the PKS T sequence , which may have a differential role accord- 
ing 10 die cell type, PKST is a sequence rich in proline, gluiamaic, serine and 
threonine residues, present in the BII4 motif of HCL2L1U protein*' 17 Pro- 
teins possessing (his sequence are very susceptible ro proteolysis and usually 
maniiesl shui t intia cellular half-lives. 

TMX2I.IG interacts with the other regulatory proteins implicated in the 
apoptoiir process, such as calcinciinn, 9 * 8 Raf-I 84d and CF.n-4.* 50 It shows 
its anriapoptotk: activity by blocking apoptosts in the mitochondrial death 
pathway induced by withdrawal of 11,-3 and BAX expi ession, by pi even ti ng cy- 
tochrome c release, casp*«e-i3 activation and mitochondrial transmembrane 
potential collapse, hut not by blockage of apopiosis in the death-receptor 
pathway. It is believed that its suppressing effect on apoptosis is mainly due 
lo its BI 14 motif and its TM domain, 340 



6. BCL2L12 

We have recently cloned die ftCl.2LI2 gene, which mapsouchtomosome 
19<j 13.3- 13.'1. 35J h consists nF7 coding exons and 6 intervening iutrous span- 
ning a genomic area of 8.8 kb. SM One splicing variant missing exon 3 and 
expressing a 170 amino acid truncated protein with no TVTT2 homology do- 
main has also been identified. 9 * 1 The gene localise a i the same chromosome 
as the genes whose- protein products are implicated in malignancies, such 
,ls ihe proapoptuiii. piolciii BAX, 140 Kas-t dated piolein K-Ras <RKAS), and 
mil l lei on regulatory factor li 

IUX2L1!2 ptoldu has a predominant uiokculai mass of 30.8 kl.)<\ and 
contains the conserved BUS domain of the BCL2 iannly 3 ^ and a pu- 
tative BH3 domain. Additionally, it bears repeared PXXP mollis and a 
proline rich region that is essential for the interaction with the SHii of 
lyiosim: kinases, such as the protooncogencs fi-Str and r-Ahl^ m Ii is 
worth mentioning that it is the firsi gene identified encoding for a pro 
tein thai contains boih a proline rich region and a BH2 domain. Al 
though the UH3 domain is present in most of the mammalian mem 
hem of the BCL2 family, another aiitiapoplotic molecule, BOO/DIVA, 
also lacks this conserved domain, displaying its activity via a dimon/a non- 
independent mechanism. On the other hand* the recent identification 
of the BAX-bincling protein B1F 1 J0 ° suggests a piobablc connecting 
role of BCL2I-12 among the apoptoiie proteins and the SHS-bearing 
one up i oleiua. 

The classic form of the llOT.2I.1S protein is highly expressed in the thy- 
mus, prostate, fetal liver, mammary, colon, placenta, small intestine, kidney 
and bone marrow, with lower levels being expressed in ?tll other tissues. 55 * 1 
The splice variant is highly expressed in feral liver, spinal cord and skeletal 
muscle, where ii is present at higher levels than the classical form of the gene, 
compared to (he other tissues.* 1 
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Several putative posllraiislaiional modifications have Ikhhi ideiiiiiied 
ihiuugh sequence analysis, such ^ls poi.entiaJ siios for O-glyc.osylarion, phos- 
phorylation by eAMP-dependenr proiein kinase:, prolein kinase C and casein 
kinase 2, as well as .several N-myi isioykuion sites/™ 

7. /?/< 

is a new member of ihc BC1.2 family ol genes, mapped on chromo- 
some ]pl3.l in human and composed of 4 coding exons, both in humans 
and mice. J is protein product contains BH2 and BHS connived domains, 
bui nni HI 1 1 and BH4 domains arid Lhc C terminal hydrophobic MA region. 
Research data reveal a closer relation of BFKto BCLtti. protein strucluic.™ 

BKK in delected in many tissues, such as stomach, bone marrow, spleen 
and ovary. lis expression was found ro he highly regulated in mamillary gland 
and UK* i us during pregnancy. Inside the cell, it localises tn the cytoplasm, 
where il does not associate with other organelles. 

BFKoverexpression leads to weak induction of apoptosis, and it does not 
bind 10 any of ihe known proapoptolicoi anliapoptolic protein members of 
i he HCI .2 family, Furthermore, it is quile interesting to note the expression of 
HKK during pregnancy, where its high levels in rite inauiimaiy gland suggest 
ih;il it may play a role in the regulation ol apoptosis in that organ as well as 
m iis development process.™ 

III. DISEASES RELATED TO APOPTOSIS 

In healthy tissues, apoptosis helps the organism to maintain ius hoiuc- 
osiasis since it Ls opposed lo the process of cell proliferation. It is obvious 
ihai abnomralities in the apoptoik: mechanism lead to the pathogenesis of 
various diseases oi disorders related to cell population numbers. Inadequate 
apoptosis results in excessive augmentation of cell numbers and has impli- 
cations Joi luiiioi igenesis and auioimmuniiy. On the oiher hand, excessive 
apoptosis reduces Ihe cell population, and is associated wiih neurodegener- 
ative disoiderssuch as Alzheimer's and Parkinson's disease and AIDS. 

A. Nonmalignant Diseases Triggered by Excessive 
Apoptosis (Table 4) 

A number of neumgeneratrie diseases, such as Huntington's disease, 
Al/.hcimei's disease (AD), Parkinson's disease (PD) and spinal muscular at- 
rophy, are triggered by excessive reduction of sped lie ueuional populations. 
AD is a disorder ofihc central neivous system induced by the tbimalion of the 
beia amyloid (Abcta) peptides in die biain. This disoidei is associated with 
alterations in the Itt'a .2/BAX ratio in the neurons. Thus, down-regulation of 
the aiujapoptoijc protein BGLZand up-i egulalion of the pioapoplolic BAX 
i.s observ<?d. J,v, ' nr>r ' HCI^Xf!,), another antiapoptotic molecule, can inhibit 
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#(•7.2 A\v\\c\m<\r\ Parkinson's, Down Synrlmmr, AIDS 

'MX Alzheimer's, Parkinson s, AIDS 

1X:UX(L) AMk-iiiici'v 

'WAI Ai/liciim:r\v, Down Syndrome 



the Abeta-induced neuronal apoptosis. 357 Moreover, patients wirh AD have 
shown u aignifittuu increase in frontal cortex RTM levels, as well as rcrehel- 
lat 1JCL2 levels, supporting the apoptotic origin of neuronal loss in AT).* 5 * 
BCL2 and KAX arc also implicated in rarkinson's disease. This disorder is 
tillered by the apopiotic death ol a dopaminergic neurons (DA). nr,v> in the 
nigrosiriaial dopaminergic regions of Parkinson v s patients, the conccnlia- 
lion of UCL2 has been observed Lo be significantly Inflict than that of the 
conirnl™ 0 In py tienh* with Down syndrome (DS), cerebellar and, to a lessci 
extent, frontal cortex MM and IIGL2 levels weie elevated, supposing the 
hypothesis that apoptosis accounis for the neuronal loss of DS.** 

AIDS develops aflei exposal « to th« human iiiuiiunoddideucy virus 
(I HV). This virus induces apoptosis of the T-helper cells, whirh are responsi- 
ble for the survival and rhe arrival ion of die 'Ryioioxir r.dk T-r.yroi.oxic cells 
ai<: implieaied in ihc execution ot viruses and cancer cells. 4,301 Tims, the hu 
man immunodeficiency vims indirectly blocks die activity of die IV.yioioxic 
cells, making ihc organism vulnerable to viral inflammations and secondary 
malignancies, li Was been postulated that the Hi V envelope proicin provokes 
reduciion of die l*CL2 protein and the simultaneous induction ofliAX via 
lh|H Fa*/l*asL pathway-* 02 -* 0 * Exogenous addition of IL-2 or Fas tfyands leads 
10 die prevention of both BQ,52 reduction and apoptosis off lymphocytes 
Iroin HIV-infected individuals, whereas no correlation was evident between 
BAX 01 BCL-X expression and apoptosis induction. 302 "^ 

B. Nonmalignant Diseases Triggered by Reduced 
Apoptosis (Table 5) 

Decreased apoptosis of autoieacdvc immune cells, in addition to their 
induction and proliferation, plays an important rota in the development of 
tiuioimnumiLy. in lymphocytes, F;us Is inductively expressed as a response to 
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Fast,, which is only produced in activated T cells. S«If-ii::ic:livt: lymphoid cells 
iriif induced io undergo apoptosis when their Fas receptors bind FasL. 3 *' 

BCL2, liAX, lilM and the .surf/ice receptor Fas are usually implicated in 
autoimmunity. An Ala/Thr polymorphism in BCL2 results in different and 
apoptotic function of rite protein and is involved in ihe development of au- 
toimmune diseases/ 1 ' 1 Systemic lupus erythematosus (SLE) is a systemic au- 
toimmune disease in which decreased apoptosis of lymphocytes is otocivcd. 
Jn SLK patients, a high proportion of T cells display an increased amount of 
13CL2, and therefore they are resisra.rn to death stimuli. 

BNIP protein involvement in c ardiovascular diseases may not be .surpris- 
ing considering the relatively high proport ion of mitochondria to fulfill the 
energy requirement of cardiac contraction. Expression analysis of BNIP3 in 
various human tissues showed high expression in the heart, brain and testis. 
I net cased expression of RNTP3 was found in hypoxic eardinmynryics,^ 7 
:»nd subsequent acidosis could induce BNIP3 activation, determined by us 
integration into the niitochondiiai membrane and the induction of car- 
dimnyocyie cell death. H0$ Thus, BNIPS may have impoilantiolcsin ischemia- 
leperlusion injury of the heart, Overexpression of BNIP3 itself in iioniioxic 
cultured caiUiumyucytes is sufficient to induce apopfolic cell death in a 
raspasc-depciident manner. 307 

In Hashimoto thyroiditis, a lack in WCA.2 expression is observed with a 
simultaneous up-regulaiion of Fasl leading to excessive death of the thyroid 
cells.*' 0 371 In autoimmune non-obese diabolic. (NOD) mice, upnegulaiion 
oi die HCJ.-X gene results in resistance to apoptosis of the activated lympho- 
cytes after withdrawal ol \\ri: m 

lilM is associated with autoimmune kidney disease. It has been observed 
thai HIM deficiency in mice piovokes the accumulation of lymphoid, plasma 
and myeloid eclls. 2!i!; - 2r,!i This accumulation leads to the fatal autoimmune 
lymphoprolilcrative disease, glomerulonephritis^^ in these animals due to 
impaucd apoptosis. 

I 'sing a two hybi id system in Mel-a cells, it was found that eiticriu binds lo 
15 1 'K Such an interaction is disrupted by the disease-associated S54F mlsscnsc 
mutation in cmurin, possibly resulting in F.DMD (Kmery-Dreifuss muscular 
dysti opliy) disease. ^ 

C. Apoptosis and Cancer (Table 6) 

The importance of apoptosis inhibition during the process of tumorigen- 
esis has been recognized, and the ongoing discovery of numerous apopiosis- 
le^ulaiing proteins provides new potential laigcLs foi molecular cancer ther- 
apy. Among these are the mcmbcis of the BCL2 family. 

Deregulation of Bcl2 family members has been tightly linked to 
tumorip;ene$is. fi0 All antiapopiolk Bd2 horuuloguesseem to function as on- 
coproteins, and proapoplolic BU3-oniy and liAX-like proteins can act as 
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Cent- symbol Cancer type 



HCL2 Non-Hotlgkin's lollinil'.ir H-taII lymphoma, pmantft rnnntr, rolon ranrrr, luii£ 

rancei; braun cancer, tfasiric cancer, renal cancer, neuroblastoma, acme and 
rlirnmV Ipiiktwiiin, .skin c«iiik*i 
Lyiiipliuiira. cuiun cuiiccj, punnc-alic rancor, licpuKiri'llului cancel, lenal 
cancer, brcart cane or. uvartan CaiKCC, f*cut« T lymphocytic leukemia 

M/> Colorectal cancer, LI cell lymphoma 

W/> Chronic myelomonocyiu Inikomia 

"4* T-rHi lymphoma, brcosi cancer, lung cancer, lymphoblastic leukemia, 

jC^isi ttjijiicfstiii'.il cancel, glioblastoma multiform 
f ( Vklorecml carcinoma, gastric cancer. Akin cancer, uterine cervix cancer. tli/roM 

t'jiirrr, Iihijj rancor, lymphoid rn nr pr, hransi rnnrt»r, glinhlaxmrna rmitlilrjrrii 
tumour* 

IICI ?!.!>. CoIuiccUil uOono<:yi cinoimft, infiltrative gustnc adenocarcinoma 

WXA 1 'Hilary hhHrier ranrftr 

I*UMA Neutl/nrrk rnncAr, lung c nnrei* <»olnt-4»rifll niwr 

tt'fiF IMacIO creancer 

«/« lUill leukemic 

HCiAi \ % \\)Ki:\ic raiuvr 

HC1.2I.H) Orviml rancor, nvnrlnn ranee r, leukemia 

HCK2AJ BlncUtrr ameer, It-rell rienpliiain, hmiHi rnnrrr 

W.7 Hie;wi c.mcei; colon caw or, leukemia 

/i/A' K roast ennnn; colnirdtil lamvi 



Muliiplc myeloma, proximo ttinrer, IWrrll chronic lymphocytic leukemia, 
pfcLsiua cell myeloma, InikemlerelapM In AMI.anrl AM., colorrrml rancri; 
malignant uiyclvuia, uvmiaii utiuiiuina, hciKiluidlulai uticinuma, breast 
ftinrer 



tumour suppressors. This is supported by ,\. comparative genomic hybiidi/.a- 
liori (CGI J) database search for ropy number gain* and/or deletions of 
chromosomal loci from members of i he: HCA.2 f>miily rh^.i indicates a specific 
iolr of llicfscf Rencs and their pin- and amiapoptoiic products diiring rhc* 
pathogenesis of rumours. 

/. HCL2. The 7*67.2 gene w,i$ first discovered because of its i(M;18) 
chromosomal translocation, detected by PGR, in non-Hody kin's follicular 
l*-cell lymphomas*"' 1 as well as in chronic lymphocytic leukemia with less 
frequency/™ This lends u> lis uansaiptioual Activation and, thus, overpro- 
dnnion nfBCL2 protein in li cells, which contributes to tumorigeriesis by 
pi eventing cell death \ athcr limn by causing cell proliftniUion. 2 * 

Ovciexpiession of BCL2, detected mainly by immunohistochemical 
mr.-tlmd$, takes place in distinct: typea of human tumours, including those 
of prostate, colon, lung, breast, gastric cancers, renal cancers, neuroblas 
loina, nun Ilodgkin's lymphoma, acme and r.hronir leukemia and skin 
cancels/* 74 386 In some of these rancer tyj.^s, its vi[>regiilation can be used 
:ls ;t prognostic marker,-^-™'^ 7 such as in breast, cancer where BCJ.2 expres- 
sion hiis Ikk*ii associated with a favorable prognosis. 42 However, in other 
iyi>es, it does nor correlate? with disease progression. 580 " 5101 In most cascrs, 
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nvctexptexsion of the rtr:/.2gcne is associated with resistance to chomother- 
apeuih: and irradiation treatment/^ For example, high levels of the BCI.2 
protein in acute myeloid leukemia (AML) cells indicate a poor response to 
rhemotherapcuLu: agents in terms of remission outcome and sui vival.* 60 * 00 
/O,2ovei expression in 1* cell lymphomas results in pooi patient outcome.* 01 
Higher lid. 2 expression was delected in AML types MU 'and M I where a ror 
i elai ion was detected wiih resistance to chemotherapy and poor prognosis as 
well a.-; decreased rates of complete remission and shortened survival I Tow- 
cver, overexpressiun ol BCL2 failed to inhibit apoptosis induced by CTMS7 
in rn,A) cells*** 

In lymphoma cells, the apoptotic function of the BCL2 piotein and, 
therefore, ius involvement in caiciuofceucMs is paitly regulated by phospha- 
i ylation/dcphosphoiylation of the proiein. 394 Phosphorylation of BCL2 at 
Scr7() pi or notes its aitliapoptotir function, whereas its inuliisile phosphot y- 
lalion observed alter treatment of cells with micrombule-damaginpf agents, 
such as laxol, inhibited its amiapoptotic fi.inr.iion, Treatment of AML cells 
with laxol led to the production oJ diU'crcm phosphorylation levels of RCI .2, 
caused by distinct signalling paihways. 305 

Many chemotherapcutic drugs have been designed to fight against tu- 
mour progression by down-regulating the production of the ftCL2 protein 
in turnout cells. Okadaic acid, used to treat leukemia, 306 and letinuie acid 
treatment ol human acute promyelocyte liaikaemic cells, provoke the down- 
t emulation ol the IiCL2ga\c and improved response to chemotherapy. How- 
ever, piclicalmciil of myeloid leukemia cells with dexamclhasone led to 
down-regulation but did not enhance cell sensitization to apoptosis. 
l-'ui Iheiuiore, lower /}fY,2 expression has been correlated with poorer clini- 
cal outcome in patients with metastatic breast carcinoma. In addition, treat 
mem of (ells with RCI ,2 amisense oligonudcoudcs, oi small cell-permeable 
molecules that bind to and inaciivate sensitized cells to apoptosis 

induction™ 7 -* 01 

2. fiCt -X„ LKCLrX is another protein that is variously involved in cancers. 
The identification of a new promoter and a new exon-l in the gene can 
explain the cancerous potential of the protein. This new exon 1, the so- 
ralkd exqn IB, replaces the untranslated IA exon of the wild-type gene while 
the new promoiei, which is found upstream of the exon IB, is SOO-lbld more 
potent. 

BC.U--X protein, as detected by immunohisrochemical methods, is widely 
expressed in a variety of human malignancies*, including lymphoma, colon, 
pancreatic, hepatocellular, renal, breast and ovarian cancers/ 0 '-" 1 ™ In some 
types of cnncerjho reduction of the protein concentration can also take place 
at the transcripiional level. Human acute T lymphocytic leukemia (ATLL) is 
developed after infection by the human Tlympliouopic virus types T (HTI.V- 
1) and II (IITT.V-TT). The laxl and Tax2 transactivators of HT.LV-I and II 
increase the transcription of the 1SCL-Xl%w\k and, Uicu:foie,aic tesponsible 
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for ihc development of ilits disease. 40 * The down-regulation of 1 lie BCL-Xl 
gene is in close relationship wiih c-myh expression and represents a useful 
piognoslic marker in colorec nil cirri noma/ 1 "* In breast carcinoma cells, the 
excessive concentrations of BCL-X U and 1ACL2 inhibits the protective anion 
ofTNF 40 '' 

S. BAD, In colorectal and oilier types of cancer, 408 lack of BAD/BCL2 
heteiodiineri/jition occurs due to BAD hypcrphosphorylation, as has been 
ohseived in a variety of malignant roll lines 409 Since the phosphoiylaied 
loim of the protein is sequestered in cytosol as a complex with the 14-3-3 
piuiein 410 it is unable to prevent tissues from excessive growth. 

Mutation analysis in colon adenocarcinomas showed two soma lie mis- 
sense muiaiions in the HAD gene, both of which were located within the 
gene sequence encoding the BGL2 homology-8 domain. Such mutants 
had decreased apoptotic activity compared to the wild-type BAD as well as 
reducer! binding ability for BCL2 and BCL-XL. Ranger et at 1 1 1 observed that 
/M/Mclicieiil mice spontaneously developed rumours, which weie mainly B 
cell lymphomas. 

<7 BID (M(X:J53I9. MGCA2355) /i/Zklefieieni mice, as they giow older; 
spontaneously develop a myeloproliferative disorder that progresses from 
myeloid hyperplasia in a fatal, clonal malignancy, closely resembling chronic 
myolomonocyiic leukemia (CMML). 41! - This apoptotic defect ran result in 
myeloid leukemogenesis, Premahgnant ii/iV- myeloid precursor cells are 
resistant to death receptor-induced apoplosis. Cleavage ufKIl) by an unde- 
fined aspanate-spccific protease can also be a key mediator of the apoptotic 
response lo several DNA-daiuaging auucaiicci regimens. 1,M ~ 4,Ji 

5. BAX (ftax zeta) BAX is a tumour suppressor, which means thai, in 
healthy cells, its function provokes the apoptotic death of excessive oi dam- 
aged cells, contributing to tissue homeostasis. However, in malignant in- 
< Merits, the concent ration of this protein in cancer cells is reduced. p53- 
tlelicient mice present reduced BAX levels and develop Tcell lymphoma. 4 ' 0 
In most cases of cancer; the reduced concentrations of BAX are accompa- 
nied by mutations in the p5J gene. A missense mutation in codon 273 of ihe 
p53 gene can dramatically decrease tile BAX levels in the cell.: 117 In breast 
cancel; mutational analysis of the BAX and p53 genes identified mutations 
oldie gene hut no mutations of die /MX gene, except foi a G — > A poly- 
morphism at exon 6 position D£»2 in all individuals tested. 4 IH In lung cancers, 
BAX is loc alised in the nucleus, and this posilioii-ti allocation is considered 
to cause tumour development* However, mutational analysis of the gene in 
lung ranccis icvealed the presence of only a silent point mutation in codon 
181 (TCG-^TCA) and some intronir. mutations that do not affect the TM 
domain of the protein/ 1 1U 

tiameshift mutations have been detected in the /J/lXgcne in T cells 
in aiute lymphoblastic leukemia 4 **' arid endometrium. 4 ' 41 In all cases of 
gasiiointesiinal cancers, there art? two characteristic missense mutations of 
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/MXgcnc in codon 169 (Thr Ala or Thr Mn). These* lmitaiions arc 
functional, and, therefore, they inhibit the prnapoptoiic aerivity of the pro- 
tein and contribute to carcinogenesis,' 122 

On ihe other hand, a splicing variant of 0/1 X gene, KAX-sigma, larking 
amino acids 1 59 to 1 7 1 compared io BAX-alpha, is widcJy expressed in human 
cancel pn>myeln<yncrcl1sanri in? varietyofotherhuman cancer cell Hnes. lwJ 
il hits recently been shown that the expression of another apopiogenic. vari 
ant of BAX, BAX-*I>, was associated with a longer survival of glioblastoma 
multiform (GUM) patients/ 1 an especially sevcic type ol tumour. 18 HAX-t 
was found to he expressed in 25% of the paiicnLs examined, while very few 
tumours larked the expression of BAX. 

I Jsing GWK22 xenografts, an interaction of I'KCe was ideutifted with the 
proapoplolic protein BAX dial, was unique to recurrent CWR22 tumours.* 1 ** 
These data .suggest that art association of PKCc with 1JAX may ncutial- 
i/.c apoptotic signal propagated through a mitochondrial death-signalling 
pathway. 4211 

Vaiious chemotherapeiiiie treatments aim ar up-regulaiion of the BAX 
gene to block tumour progression. For example, all the anrhracyclinc group 
cheniothcrapentic agents fight cancer through enhancement of BAX 
expression. 1 - 1 The potent tumouj -suppressing activity of this protein is now 
used for therapeutic put poses. Tiaiisfcclcd adenoviral systems that ovcrcx- 
press liAX protein are used to inicct the large I tumours in many types of 
cancer, including prostate and ovarian cancers ami gliomas. m " 12 

Recently, a C2<eramide-tcsistaril IIL-00 subline, ILLCk, was 
established. 128 These cells were resistant not only to ceraiuidc but 
also to other anli-cancct dings, including daumoiubiciu, etopuside and 
ryhusitie aiahiunside. It wax found that liAX was highly expressed in 
III. BO bin was hardly detected in HI.-CR cells, Transient rra.nsfec.tion with 
BAX-cxprcssing plasmids induced apoptosis in TTT--CR cells, suggesting 
that reduced expression of liAX may plav a role in resistance to various 
apoptosis-inducing stimuli in these cells/ 12 

6. IIAK1 (HCL2I.7, HAK, CDKI) BAK is auuLhei protein whose expres- 
sion, ;ls assayed by immuriuhisiot hemisuy, is modulated in cancerous con- 
ditions. In colorectal carcinomas, die: inci cased levels of BAK/BCi-2 net- 
eruilimcri/aLioii contribute to tumour growth.' 10 * Jn riorinaJ gasuointcsunal 
epithelial tissues, up-rcgulation of BAK expression during diiTejenl.ial.iori 
may help to ensure that cell turnover occurs in a normal fashion, whereas 
gastric tumours have reduced BAK levels when compared with the normal 
mucosa. 421 * 1 This down regulation of BAK maybe explained by the presence 
of immense mutations in the /i/tK gcne. 4H0 

Proteolytic degradation of BAK is also associated with some other types 
of malignancies. Indeed, in skin cancer, BAK is proteolytically degraded by 
the human papillovinis (I1PV) protein Thus the protein is unable t.o 

respond to UV killing of the damaged cells. In addiiion.adenoviral-mediared 
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overexprcssion of BAK can lie used m ircaimem lor ihe laureled itiHlhmuiil 
cells. 

The gene has been mapped to chromosome (> p 21. V s * where a 
high incidence of loss of heterozygosity was found in cancer of the human 
uleiinc cervix. 4 - 1 " Since transformation of die cervical epithelial tissue 10 
carcinoma is associated with the progressive inhibition of apoptosis 4 ** anil 
KAK-mcdiaied apoptosis in these r.e1Ls; i:w abrogation of this BAK mediated 
apoptosis could lend 10 transformation of the cervical epithelium. T he HAK 
gene may therefore ^ri as a tumour suppressor in cancer of the uterine 

Six tnutfctuc and one silent mutations wcic iccciitly found, by I'CR ampli- 
fication followed by single-sir and confoiiiialion polymorphism (SSCP) analy- 
sis and direct sequencing, at exons $, 4 and (i of the ^AA'gcire in carcinomas 
of the uterine ccivix, while no mutations were detected in non-iieoplastic 
cervical tissues.' 1517 BAK mutations were o1)served more frequently in die ad- 
vanced stage, at which mutated (Mincer tissues were even more resistant to 
radiotherapy.' 1 *''" 

Kuilhcrdata, based on cDNA mirrnarray analysis, demomirale lhai B/iK 
is up-regulated in IFNy-sensilizcd, TRAIL-mediaicd apoptosis in wtroand 
in vivoiu human thyroid cancer cells. Vn contrast, normal human thyroid cells 
were not responsive ro the IKNy sensitizing elTeci, and this was correlated to 
no evident alterations in the corn cniralion of BA1<L ,HH 

Gene iransler-mediating elevations in BAK piolcin levels were shown to 
an eleratc apoptosis induced by growth factor deprivation in murine lym- 
phoid, lung cancel and breast cancer cells, 1 suggesting dial: BAK functions 
I" imai tly as a promoter of apoptosis. In addition, the expression of BAK was 
analysed in human (IBM rumour*, and it was shown thai almost all tumours 
expressed BAK 4 ™ 

7. HCL2I2 (BCLW, liClrWl KIAAQ27I) FiCF.W is expressed, as 
assayed mainly bv immnnnhistochemical methods, in colorectal 
adenocarcinomas/ 11 " with Us expression being mucin la led by ihe proto- 
oneogene r-mel m it has been .suggested that IHX-W may be implicated 
in I he progression from adenoma to adenocarcinoma in the colorectal 
epii helium, by inhibiting apoptosis.' 110 BCL W is also expressed in most 
cases of infiltrative gastiic adenocarcinoma, and it may sup pi ess tumour 
coll death by blocking JNK activation. 441 Irs absence in small intestinal 
epithelium (/tCL-lV-null animals) resulted in a 6 -fold increase in the levels 
ol tipoplosis induced by 5-lluoi ouracil or gamma irradiation. 44 - In addition, 
HCJ.-W\$ oxpiesscd both in multiple myeloma and normal plasma cells.* 13 

& NOXA, Mutation analysis of ihe entire coding region and of all the 
spliced sites of the NOXA gene in a series of human cancers, including 
those ol stomach, colon, liver, urinary bladder and lung, by FOR, SSCP and 
UNA sequencing, resulted in the identification of one somatic murarion in a 
transitional cell carcinoma ( KX) ol* the urinary bladder. 14 ' Ovcrcxpression 
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of the iihimm and wild-type M>X,l in 29.ST and HeLa cells had no cilcct on 

0 il death. 111 These resulLssuRgcsi ihai NOX/\ is rarely muiaicd in human car- 
cinomas, and iLs role in the pathogenesis of human cancer remains undeai, 
NOXA mRNA expression, detected by real-lime PGR, was found in tumours 
liuui patients with colorectal adenocarcinoma and the corresponding nor- 
mal mucosa. The expression w<is up- or down-regulated in a fraction ol the 
cases, bul Ihc changes observed did not have any clinical or pathological 
significance, 1 ' 10 

9. PUMA Primary tumours from head/neck and lung were analyzed for 
loss ol heieiuzygosity (LOIT) at 1 f><| using seven widely spaced luicrosarcllil.c 
markers. I .OI ! was present in 56% of the head/neck and 26.6% of the lung 
cancer samples, wiih 0105408 and VH0S412 showing the highest rates of 
allelic loss (23.3 and 10.(5%, respectively). However, no mutations of PUMA 
were deiecied in any samples examined, tegaidless of the mutational slams 
of the />?.? gene. In colorectal camei cells, PUMA exogenous expression was 
ihougln in promote rapid apop(osis, m44r ' but, accoiding to receni data, 
its expression pattern in colorectal cancej does not dillcr signilicantly from 
normal mucosa when assayed by ical-time RT-PCR. 4 ' 17 

10 IMP /.OTgerte, also known as KIAA0164, is thought to play a role 
in tumour suppicssion.^ 5 In bladder cancer, RTF protein, as nioiihoicd 
by cheiniluininescence immunoassays, appeared to he an unfavorable prog 
uostic marker because of its elevated expression in patients who showed 
recurrence.* 1 ™ 

/ /. MM. Loss of HIM in mice suffer ing from polycystic kidney disease, 
after loss of HCL2, led lo normal kidney development, growth and health/ 1 *™ 
On the other hand, loss of MM in notmal aging mice caused accumulation 

01 excess lymphoid and myeloid cells. 32 * Loss of BIM is highly oncogenic. 
Inat ovation ol even one of its alleles accelerated MYC induced development 
ol tumours and, in particular, acute B cell leukemia.' 150 It. is also pioapup- 
lotic since its protein levels were elevated in apo ptosis prone tt lymphoid 
cells. VA) All these data indicate that BIM is a. tumour suppressor, at least in li 
lymphocytes, hut ii is h a plo insufficient. 4150 

Treatment of human glioblastoma rolls (U87, 112.^1, U138) with lovas 
latin, a poieni cholesterol-lowering agent, led to up-rcgulation of RTM levels 
along with the induction of apoptosis, 4 ^ suggesting that it may also have 
some anticancer activity. 

/2. BVJAi HCl-C showed significantly higher expression in parients 
with prostate cancer who relapsed, in comparison to those who did not 
relapse. Tins observation was independent of stage and grade and it was 
estimated by ical-iiuic R'l-PCR analysis and the statistical Maim-Whimcy U 
lest; 1 '-' 

13 HCL2LW (BCUi, BOO/DIVA) BCL B is frequently expressed in hu- 
man tumour cell lines* 15 and is localised on chromosome 15q21, a locus that 
shows deletions in human cervical cancer, as shown by PGR and comparative 
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genome analysis. 1 * 6 In addition, ils oycrcxprcssion promoted cell death in 
Hoi * and 292 cells. 120 Recently, alterations in BCL2L10 gene copy numbers, 
deieeteil by subu active comparative genomic hybridization studies in the 
Aia-C tesisiaril cancel cell line K562/AC, in comparison to its di i ^sensitive 
pai emal cell line, suggested a mechanism for acquired chcmoTOfetance. 4 ** 
M. nCl.?AJ (BPL1, UCL2L5, GW>, IlltPAl, BCL2AJ) lifitl is tip- 
rcgulair.d in risplaiin-TCsisianl human bladdci cancel cell lines, which sug- 
gests thai its differential expicssion may be impoitant in ihe cisplalin resis- 
tance of human bladder tumour cells 4M It is also up-rcgulaled when imma- 
lure It cells are recruited into the long-lived mature Dccll pool, preventing 
anligcn leccptor binding-induced cell death in B <:ell lines and mature B 
cells."* Its expression is also a key far.ror in h<e\\ neoplasias.^ Jingagc- 
meiit of surface JgM elicits a survival programme in chronic lymphocytic 
leukemia B cells that is associated wit h up-regulation of BFLl/Al. In man- 
tle cell lymphomas, inhibition of the constitnlively activated NF-fcB path 
way leads to tumour cell apoptosis in association with down-regiilaiion of 
HFU/A I expression. In addition, induction of BFLI/A I was recently found 
to be essential lor breakpoint clustci legion/AbeLson leukemia (BCK/ABL)- 
drpendent leukeiiiogciicsLs, Gmstitutive expression of BFLl /A.I in myeloma 
cells rescued them from apoptosis induced by IL-6 withdiawal and dcxam- 
elhasorie. According to recent data, spontaneous apoptosis of 1VCLL cells in 
T/f/wculUiic lCMilted in decreased fiFI.I mRNA expression, as assayed by 

I he gene is also up-regulated by the F.psloin-Uarr virus I-MP-1 and pro 
motes ihe proliferation of lymphoma cells. 407 Furthermore, the protein co- 
operates with Ufa oncogene in epithelial cells, causing carcinogenesis. 46 " In. 
breast cancer, increased expression oCttM/1 was present being higher in ad 
varued than in early be east cancer and possessing no ielatk>n$hip to other 
c I i r i i co pa i h a logi cal par am e le i ». 1 tl ' ' 

Up-regulaiion of both BFLl/Al an<] serine/threonine kinase Pim-I is 
csscniuil for in vitro transformation and in vivo Icukcmogenesis mediated 
by BCR./ABL kinases. The Al gene cooperates with die EIA oncogene in 
ihe transformation of primary rodent epithelial cells and has also been re- 
poited to be overexpressed in human stomach cancer tissues. 1 * 1 ' ,M All the 
above data reveal the involvement of ftFU/At\t\ carcinogenesis and, more 
specifically, in stomach cancer development, 131 hemopoietic malignancies 
and melanoma. 12 " 

H. liCt. 21. 12 The expression or the DCL2U2 gene has been analyzed 
in hieasi and colon cancer by R'l-PCK. Results indicate (hat BCL2LJ2gcr\v 
expression may be tegaided as ;i new independent favourable ptugnoslk 
marker for breast cancer since it is overexpressed more often in breast tu- 
mours with a high degree of differentiation as well its in patients in the initial 
stages of the disease.' 100 In colon, bolJi tianscripts of the gene (UCL2U2 
and HCL2LI2-A) were overexpressed in c;mcer tissues as compared to theii 
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paired normal mucosa. An association was also found between the FICJ.2F, 1 2 
A transcript expression and nodal status as well its widi Dukes' stage. 4ni 

JSCL2L12 expression was .studied by RT-PCR dining apoptosis induced 
by widely used rhemoiherapeulic drugs, such as rispkitin, earboplatiri and 
doxorubicin in IIL GO human acute promyelocyte leukemia cells. 4ti2 ' m3 The 
results revealed important modulations of HCL2L12 mKNA levels, depend 
ing on bolli iho apnplolic indtner and the specific pathway induced, im- 
plying a direct relation between alterations ol' HCL2L12 mRNA levels and 
apoptosis. 102103 

16. HJK (hU2 Interacting Kilkr)/NBK Luss of lilK is implicated in the 
development of human hreasi ;md colorectal cancers because of the loss 
of informative alleles on chromosome. 22q, where the MK gene Ls located 
in many of three tumours. 404 Moreover, BTK can sensiti/.e tumour cells to 
apopiosis induced hy certain rhemoiherapeuiir. agents, 4 flB - 4tt0 suggesting its 
implication as a potential therapeutic target for human cancer. The BlK 
gene, when romplexcd with a nun-viral gene delivery system, significantly 
inhibited growth and metastasis ol' human breast cancer cells implanted 
in mule mice, and prolonged the life span of the treated animals. 1 ™ In 
addition, MK mutants at phosphorylation sites seem to be nunc potent in 
ihcir apoptotic and auliUiiiiotii activity. ,|fi7 

7 7. MCU (TM, EAT, MGCM9) MCL1 Wits initially isolated liom MCL1 
( ells, a myeloid leukemia c<:ll line, with its expression being necessary lor the 
survival ofmultiple myeloma cells.** 1 Elevated levels of MCL1 have also been 
icpoited for prostate earners, R-CI.l., plasma cell myeloma 1 ™ and leukemic 
relapse in AMI. and acute lymphocytic leukemia (ALT.). MOT. I expression 
lias also been correlated with clinical outcome in colorectal cancer pal ten Is 
wiih liver metastasis; 85% of patients with diffuse MCL1 expression and SH)% 
of patients with pen-nuclcai MCL1 expiession were found to respond to 
M'U treaimcm. 4ftft 

Increased MCU expression levels were also observed in pi unary ma- 
lignant melanoma (MM), piobably representing an eatly event in MM 
1 1 ausfot inaiion. 4 ' 0 Elevated MCl.f expression was reported for ovarian cai- 
cinoinas as well, indicating a poor prognostic: marker. 471 In hepatocellular 
eaieiiioina cells (IICCT), treatment; with sodium bulyraic causes reversion 
ol the cells to their normal phenoiype and affects both differentiation and 
apopiosis, at the same time up-regulating MCfJ expression levels. 47 * 5 In hy- 
datidiform mole (Il'M), an ahnoi ma I pregnancy wuh the predisposition for 
developing gestational trophoblastic neoplasia (GTN), MCLJ expression lev- 
els have hern found lo he elevated in comparison to I IMs that relapsed/ 1 ™ 
In breast cancel, both wild-type MCU and MCl-l its shorter splice vari- 
ant, were detected. 171 Multiple myeloma was also correlated with increased 
MCI J levels in comparison to those in normal plasma, cells. 47 '' 

A cyclin-de pendent kinase inhibitor, Iluvopii idol, is cu» i ently being tested 
in clinical nials for cancer therapy. Treatment with Havopiridol tint only 
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arrests the cell cycle bin also induces apoptosis ihruugh up-rcgulaiion of 
K2H and regression of MCLl. 4 ™ 

IV. CONCLUSIONS AND FUTURE DIRECTIONS 

Ah hough cancer is the second leading cause of mortality in developed 
muniricfl, we do not yc:i fully understand its pathogenesis. Experience gamed 
from many years of research, has shown thai among die best strategies lor 
confronting thus di^asc are early diagnosis through population screening 
programs, prediction of therapeutic response, and initiation of eilective 
theiapy (Figure 6). These conclusions emphasize ihe requirement for new 
bioniarkers that can be used either alone or in combination with established 
biouiaikerx for early disease diagnosis, prediction of response 10 therapy, and 
detection of early relapsing disease. These strategies, in combination with Ihe 
discovery of more effective treatment, may bring a dramatic reduction of 
morbidity and mortality from all forms of cancer, This, in conjunction with 
I lie fart that the human genome project has been completed, leads to a new 
era for cancer rese arch, in which many new genes i elated to cancer develop- 
ment m pi even turn will be discovered and used as cancer biomarkers. 

In the last lew years, mi incre asing number of genes involved in cancer 
development and progression have been cloned and identified, such &$BC1.2 
lainily members, kallikreins (A7.ta) i cathcp.smsanri many more. J|77 ""' JM Their 
expression profiles in many lypes of cancer have heen examined, leading 10 
die .spm-.iil;ition that many ufihem may be of high piognosiicand diagnostic 
value for several cancer types, requiring further research and clinical evalu 
ion. 

The IUX2 family of proteins (including IMX2LI2) plays an impor- 
lani role in moderating die cellular program of apoptosis. Normal cellular 
homeostasis appears to be dependent on a balance between the actions of 
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aulhipopioiic m^mheniof ihc HQ .2 family and those of proapoptotk mem- 
bers. The levels of rho various members nl lhc HQ .2 family havo been shown 
lo have prognosiir potential and u> deiei mine response to chemoilwapy in 
hivswi tumours and other type* of caneer. Results have made il clear I hat a 
rniirilMTolVouicliiiaimy iiJLciULiorLS in the BQ,2 liiiiiiJy of genes in usi. occur io 
piovoke < ;ir<:ino^ncsis in a wide variety of cancers. I Jowcvcr* moro research 
is needed io innxfaseoiinindnrst/indingof ihecxiem to which and rhemech 
aniens by which BCL2 family members arc involved in cancer development, 
providing ihc basis for cailiei and moie accuraLc eancei diagnosis, prognosis, 
mw\ therapeutic intei vent ion that targets the apoptosis pathway In addition, 
new possible markers of the apoptotie process may appeal, along wilh new 
moleeulai muikers of cancer, thai will allow tor more effective evaluation of 
lancci hansl'oi mation ami a corresponding improvemenl in chemoUierapy. 
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hnimi ran pmmm* I' cdl xurvivLd bv enhancing tho oxprossJon of Ikl-XL. Immunity - 4 1- 87- 

|H0| Ko/ojjas KM, Yan« T, Buclum HL, Zhou P, Cn\iff RW. MCU, a ^enc exprcwed in proRnmmiod 
myeloid roll diH>ivriliatii.in. haw svquciKt siniilaiiiv tu BC1.2. Ptvr Null Aaul USA SMI. 

:*:»u> :^2« 4 

|HI I B,a« |. l.cu CP, Hsu ST, Hxnrh AJ. MCU1S, ;i jvpliring rariani nl'ilw aminpnpioiir KCL-2 bunily 
iiwiiibcT MCI.-1, cncodc.% w piuapoptolit piolciu powtwiu^ only ilic BUS d villain- / /W C//r«i 
2000; 27!V: /MM y/jy«l 

1^ I Roger* S, WVILt R, R<*rKitcinftr M. Aininn arid si*^ii^nrf*s rommon lo rapidly Hrjjr.idr^l pmttririff: 
tlitPF.SThypoiHc>is6twtYiyB6;a34 364-368. 
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fflMJ AKkiiI C. Timiej PC, Wluic M K, ticlwHnbi SW. KuunfnrKil una lysis nl fhr human MCl^l yeue. Gfl 

AW L*/r Sci -4000; 57: 0A1-CJ | , 
[H lj YAngT, Hinlmii ML. Tuwiuicud KJ, GiwgRW. MC1.-I, a uienibei of die BLC2 family, »'n inrturivl 

rapidly in response to signals for cell riifflftrftntfnrinn or (faith, hut not to signals l or cell prolifcr- 

Jtiun. 7 C/tf Wry.™/ 1 !)i)t>; ] flW: SZ.VRUV. 
(85.1 Townsend K|, Triply JU Tiuupiiiuu MA, Eastman A, Ciaiy RW. Expie*Muii uf the antiapoptou'c 

MCI. I gene product Is rofpihtftd hyn mitogen Acifvntp.d prorrin kinAse-merilntect pathway triggered 

ihiuuxh microtubule disruption and protein kinase C. Onco£mc 17: 1223-1231 
IHfil l.ein*moih S|, Ciulkoski VS. Ayiilu A. Sinn lis III I. Suppietfiuu of PMN npoptosh by hypoxia is 

dep,Mid<*m on Md-J and M APR activity. 5«7^*ry 2000; 128: 171-177 
|f»7] tiotiiiirr MJ, Mnrissm J, Vnrhrm PH, Kj^dJC, f>iin^J, Kfvnrri N. MKK/KKK signalling pathway 

regulates trio explosion of r>cl-2, nri-Xri.),an<lMrl-i and promote* survival or human paiuiraiic 

rftmvi J Oil Biochnn 2000; 70: 3Afi-S0i). 
IM 1 Leu CM, ChaugC. I lu C. KpiripTmntgmwlh fnrior (Rdl?) suppresses sfaurosjKiriiie-induced apop- 

losJshyinrluringmrl 1 vin iheiniiogen neiivatcd proiein kinas* pathway thuagma'UHH); 10: 1 00.0- 

H">7!i. 

|H<)| Wi,i, H jM, Chao JR, Chen W. Kuy ML. Yen [|, YlMi«-Vc|i WF. The uiitiupopioUL gem- uirl 1 is up 
regulated by die phoxptairriylinftsiliil \ kimsf/Afci signalling pathway through a transcription 
farmi rumple maiaming CREB. jM^ CV/ ZJ/o/ 1999; l!l: 61ffiMK2fM 

I00J Pulhier l>. Unlaille R, Auiioi M. IM> up-rrp dates inrl-1 in human myeloma tells ll'uough 
JAK/S'I AT wilier Hum nu/MAl* kinase pathway, ICurJ Immunol 1999; 20: gMft-SOSO. 

|<>l | Kplinj- UnrneUe PK, UuJH, Cadet l-Falcoue R, TuiksonJ, Oshiiu M, Kothapalli K, I i Y, VttirtgJM, 
YntigYrm IIP, Kan™ J, JnVf R, LrtU^hrfiii TP|i , Inhfhilinn r»f STAT.Hsipn.-illinjjIcidJt lo npopiorts 
ol Irnkcinir lurgc^ gpfinubr lymphocyte and decremd McM pvprrssioti J (Um hwaii200\; 107: 

M>5?| lipJitij; Uiunctle PK, Zhunj; ft. Rui FJiau^ K, ftailey RD. Cuiehi R.Juw R, L>jenJY % l<nughr;m I P 
Jr, WW ^ ("•nup^Kilive ic^ulaliuu of Mi J J byjaiiuu kina.se/sUH Olid phnsjihaiiHyUnositol JVkinas^ 
com ri bill 0 to gi;iMiiloalf-fn;i<Toph;i(;r riiloiiy-stfinulatSri^^inur-d^layedapoptoSls Inrinniniriieu- 
tiopln"ls.7/w»«Mw«/2l>0l; 748n-V4 f .». 

P.W I Liu 1-1, M.i Y, Cole SM, Znndui C Chen KM, KariteJ. Pope RM. Serine pho»phoiyhin«>n rtl .VI A 1^ 
is ossrnli.il Inv Mr] I «*xpiM.sii.Hi i,fjcl in innphagi* Mirviv.il lUiHHlV.iUM; I0Z: «44-. < 5f>2, 

m I Kin|L[l«» CI), <:mi{r R\v, Swdrs UM, SliiRhitnn V, Zhou P, Wliyte MK. lixon skipping in McM n.siilis 
in a hcl-2 homoloev domain 3 only gene product thai promotes cell death. Own ?000; 275: 
22130 22146. 

|%| I hildnr K, J^iifl N k Cnirtf CM Aiufopft|HMla poieniifil ftl hfVM onr«grn« by ilepho.splioi>ljliun, 

Ihtuhmn (Ml ikrrl 1 HiM; 72: 4!U>-4ffle. 
fuft] HaUlnrSi, Ckiiinnpulli |, Croce CM. laxol induces bcl^ plio^plioiylwnoii sintl death ijl puisiftii* 

< Jim ei tells- CuncrrRa 1000; SO: 12D»- 1255. 
|07| li<> T, Hfujr X, Can- U, M;iy WS. Bcl-2 pfiosphoniatiou required lor timkipApioxta hmvUan.JBml 

Chan I !KJ7;27K: 11 «7 1 lln7M. 
|08| I laldarS, I5asu A. Croce CM. Rcl2 is ihe guardian of microtubule imcffriiy. Oncrr fax 1007: 57: 

».1 2.^!\ 

I'.WI 1 1 a Mar S. hasu A, C.raro. CM. Sarins 70 is rtni» nf ihr> rrliiral sltns for dmg-inducftd WcVA pitospho- 
lylm Ion in c.worcH U (Jan e*r flat 19%; 58: 1600 U>15 
I |00| Difiig X ? llo T, Out It, Mumhy M, May WNJr Kcversihle pliosphoiybjUou of Btl2 lollywinx inlor- 
letikiu 1 oi bi yosiitiin I i.v mediated by direct interaction with protein phosphatase 2A Jliivi ( Ji*™ 
190ft; 27.1: MV'J JMI(i3 

I 101 | Dnnmvi ANf, Smith Jl I. Craig RW. Myeloid coll leukemia 1 U phoxphorybu>d ihroii(jh two ilis- 
liim («nhwavs, one associated vrfih cxtrac-cllulnr nfgnnl-rcgukiTcd kiiuisc uctivwimi mul i\ut uthvi 
with C2/M iHcminilution or proiein phospliauisc 1/2A inhibition. / to/ CA^w 2000; 275: 2 

1 102) Kiajewski S. liodm^S, Krajnwskn M, Shnhnlk A, r;nsi-oyn«> R, ftYrcan K, Rn-dJC. ImmunohlstO- 

iheniK-al analysis oi Mrl-I protein in hiumm tissues. l)ittrrrnli«l regubjliou of Md i ;uid Bel 9. 

proiein production su^fosb ^ unique nHe I'vi Mcl-l in control of programmed cell dc<'nh In vivo. 

Amjrarhid \WA^ Ml*: ISO!* ^'A^Q. 
I H>^| Craig RW. MCL1 provides a window on the role of the MCI.2 family in cell proliferation, ditlerrn- 

liaiion and lumonyeucsix. LcutomaWVl; ib"; 444-45«l. 
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!W //. TfwftwluM arul A. &:r/rifas 

I KM I Yuuy J", Kozojk-ls KM, Giwijj RW. The fmnireJIuLir (lisinlmiioit and pattern of expie^ion of Mcl-I 

u vet lap with, hut urc not Identical to, those of Bd-2.y O//#foM00!>; 128: 117SMIM 
I luT. | */,huu |> Qhi„ L, Bics/c/ad CK, Noelle R, Kinder M, l-evy NB. Ciuij; RW Md 1 in Immcgmir mice 

promote* Kin-viva I in a *prrlnim of hematopoietic rrll typ(* and immortalization in the myeloid 

lineage. Mood I'.HIH; «J2: :VJ2tWH2:W. 
I IflOl Sordel O. Reunicu A, ttiuuyJM, Kyniiii B, Dioin N, Ivumon M, Garricto C Solary E Selective* 

inhibition of apopt.osis by TPA-tndnrrd differentiation of W037 leukemic cells, OUlkaih Lhjjn 
0:3&l -SGI. 

1 1071 I .onto J, Sme.l.md F.IV Krajevrski S, R*«1 JC. Mu-rnhnflT HK. F.xp region of the KeM2 homologuc 

Mel- 1 roiTelnwwwIih survival of peripheral blood H lymphocyte*. Omar /fee IWJti; 5l>: 10-13. 
|Kio*| Loino J, lllnuiliotl UK, Jarolwrn NK, kmjewtkl N, Keerljt; Srnelaiid F.B. Iiiieileukin-13 in com- 

binaikm with CD40 litfantl poicntly Inhibits apoptosls in human B lymphocytes: upie^ trim ion or 

uYl xl . and Mrl 1 WW 1997; X9: 4dJJ> 4421 
M W I I'uthier I). l>t:rt-fjnr S, llarilln .S, Morcan 1\ 1 hmium-au JL Hataille K, Amiot M. Mcl-J and Rit*L 

arc ro-rripibiiccl hy 1 1 ,ti in hnmnn myeloma cells. «r J fhunuatrt I HHU; 11)7: 

I MO | Pudiici D, Thabaid W, Rapp M, F.trillaitl M, llaiotmeau J, liatsulle R, Auiiol M- Interferon alpha 

extend* lite sui vivjl of human myeloma evils Lhiuuj»h an upi ovulation of the Mrl 1 .mii-apnpiniic 
molecule. i\rj IImmmUiI 2001; 1 12: .Vifl 363. 

I I 1 1 I CIma JK, WhngjM, I *t> Sir, IVng | IW t IJ„ Y| L t.'hou H I, 1.1 JC, I hinntf | im, Glum CK, Kuo ML, 

You II, Yang-Yen l-IF. iucl-1 is an immediate-early grin? activated hy llio Kiaitulocyt* macrophage 
iiiluijyMiiinilaiiiiK &ciur (CM-CSF) m^iiwJlin^ pudiwuy and Li one c:oiiiuu^eni ofihe. (SM-CLSK 
viMhihly rrxpnnxr. Mnl (At llirt 1MOH; IS: -1HH-I 4HUH. 

1 112 1 Moulding DA, t>unylc JA V I l:<rt CW, Edwards SW. MrM i*xpmuion in human neutrophils: i<>jul:i- 
non by cyiokinrv and rnrrrlaiion wirh rrll survival, iitofxi I WJX; UZ: 2«]Qf)-2f>02. 

I li:^| ('•iImoii U lIoliiiKK-ui SP. Muany DC. Bviuuul O, Copchnd NO. Jenkins NA. Sutherland c;u, 
HaKi/j K. AdaniN JM, Coiy S. Ld-w, n novel iiieuibei of the bi\ i? family, promote* rrll xumvaL 
Omngrnr I00f>; V\\ (t<\Tt 67. r i. 

I M l | Molniffrecii SP, Huang DC, Adams JM, Cory 2>. Survival activity oi iiomoloKSf 13-4.1 w •,...<! a I 

only |.iiiiUally l un elates with iheii ability to biurj pio apuploljc fomilv mnmhens. CM Dmth Dijjti 
l»)00;<r 5 2 5 532 

1. 1 Ifj) I lamnrr^ Skt>^lo,s.i Y, L .indtiolin I). DiJtrmiliul r.xp region Ol'bel-wand bd-X mcsicnj»ei RNA in 
ih<: developing and adult rat nervous xysiem. Ncumscience 'J I : U?3-0$1- 

I I lf»| h im CC, Love laud KL, Citwuii 1., Median T, Styliunou A. Wiefoid N, <\o Krr»i.wr 1), MrtcaU 

0, Kontgeu F, Adams JM, Coiy S. ApoptosLs rejjvilator bcl-w U essential fur *permnio(.renr.ii.s but 

iipjx-ars oilirrwiflp rednmlnni. /W Ntnl Arad Sri USA (W: 12424-124HI. 
1 1 171 Rub A|. Vk'aymiiY KG. Mo« Jl ? 4> Parhm- Al 7 , Skinner M K» Russell I.D. MacCrc^or OR. Tcsikuhu 

dej»enerjnoii m Kdw-ilelu ieul mice. iVrrf O'^if/ llWo; l«: 2^1-260. 
1 1 IH| O'Reilly I. A, Prior f;. Hnusmann C. M >rii$hi FC C017S, Huang DC, Siraswer A. Tissue expression 

aiul .vnlwelhil^r localization Of the pw.w»iiiviv^| molecule KeLw. Calf !>Mth IHJj*r2iX)\; 8: 180 

liM. 

1 1 IU| IliiKls MO, Litckiiianri M, Skca GU llarriifori 1»J, Iluaiw OC Day The KtiiKiuie uf »rl w 
n-vi-.il.si! lolcfoi Lhe Ctciiuiual 1 esidiifs in inodukiiiu^ biolu^ical adivily ftAfflO/200S; 22: 1407— 
L r )07. 

|I^O| Wilson-Annan J, C)'Uellly I.A, CmwfoivJ SA, IKniismnnn Kenumom J<;, Parma LP, Chen L, 
Lukuiauu M, Uthgow T, I limb MO, Day GU Adams JM, IltiaiiK DC, Pioapoptotic IM 13 only 
|tmii<Mi* Uij^ei membrane iuie^rjuon of pjoiiuviviU Bel w and neutumV.e its oriiviiy.y 1*11 fhoi 
200»; Hi2:H77-8H7. 

I m I Kaiitmaun I, Srhinyel A, Korn(-r ('. Krl-w(edding) wirh mitochondria, 't tends Oil tiudMQi; M: 

II 221 Yau W, Sajiison M, Jejjou Toppuii .|. Ucl-w Lb mis ci»mple,\es with Bax and liak. and elevmed 

ratios ol ILtx/Kd w mid IWik/Ucl w i.yj 1 e.spond lo >permniogoniol ,^nd sperni»lor)1eapoptOSi» in 

lhe ie.Mi«. AW hufarnttaflQQto; H: 582 -f><W. 
I 1231 Kila1111.ua S. Konilo S. Shinomuta Y, Kaiiaysiinsi S, Miyavsiki Y. Kjyohaivi T. Miiuokit S. Maisuyawn 

Y. Mei/MCF rerepior modulate* bil-* eXptC^>iOji find inhibits apoptosb in human rolore.einl 

cam rnt. I\r j (faun X<»K); H.H: tWK r>7:^. 
I I'M I Yuiir U /.hang Toku K, Mar.da N> Sakauabi M, Tanakn J. lmprovemem ol the viability of cultured 

tat nen ions by the iiouhmsviiUmI amnio atnLs 1,-scmu' autl glycine that upieKiilaU-> expression of 

the auti-apoptoiir ^ene product Url w. Ntmmsti JtM 2000: 21)5: ^7-100. 
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T\* BCL2 Cmt Family 51 

[iSliJ Van C, Chen J. Un:n I), Mlnaml M, IMi W, Yin XM» Simon KP Overexpression nfihe rell riiviih 

mi||[>iosoi IVcl-w hi ischemic brain: Implication* for a neuroprotective role via the mitochondrial 

palhway. / Ot,<i, Blood blow MftabZOQO; Ui): ttNHftU. 
I J*li| LCO K, ChenJ, Malllirws CP, MrnniignllJK, Nciinan PL. Chaiailviiziitiun ol'NKIS iMoiri human 

«.cll death i emulator, ISoo/Dfvn, in nmmnl and cancer tifcntetf. lUochim Hiopityx AcM WX\\ IJUHk 

IB7-104. 

| IZY| Karsan A, Yee K, llarlnn JM, RndmhtMlal cell death induced hy rumor necrosis Ihrior-nlpha Is 

inbibiud by the nrl-2 fumily member, Al.JHM Uum 1996; 271: 
1 Kenny JJ. Knohlnrh T|. Augustus* M. Unlet KG. Rusen CA. l-ang JC. CRS, u novel nieinbei of 

the Kcl-V gene family, i* higiily expressed in multiple cancer cell lines and in normal leukocyte* 

Onatfpm* I MH7; I 'I : M»7 1 1)1) I 
II 20 1 Kmsnn A. Ycc li, Knushansky K, Marian jm. Unriinjj nMuim.111 \\v\-2 lumioit^je: inflammatory 

• yiulin*.* induce hunmii Al in cultured endothelial eclis. BbodlWti; «7: 3"4U-3QW. 
|130| D'Sa-Kipper C Chinnadnrai C, FuuUiuiml dissection oi* Bill, n lid 2 honmlng: nnii 

upopiosis, oncogene cooperation and cell proliferation artlvftlci. Oruo<>at 1008: 16: 3105 

:il|f 

| i.ii | Clmi SS, h«k IC, Yun [W, SunR YC, lloriff Si, Shin IIS. A novel BcM rchncd kciic, Bfl-l. is 
uVerexprcssrd in siomnrh cfnKei mid piek-ienliaUy expiessed in bone umnow Qnnwrnv 1005; 
II: lhf)H-1ft9H 

I i'Vi I 1 litlakepimi S. Hamwsaki A, Nrjjt«hi I, I oh l>Y, .Senrlo l\ Nnknyamn K, Naknyarna K. Mnliiple jjriir 

diipliiuiimi mui expression of mouse bd-2-relaied genes, Al. hit Immunol JSKJo'; 10: 031-037.' 
| ku JK, I MJ. Cho S1J. Clio JA, I.ee RY, Koh JS. I,e« SS, Shim YH, Kim CW. BINS, u novel 

alternative splico variant of Ru* 1, loui1ise> in Lliv uudeus vhi its C lei minus nnd prevents cell 

(Icsnli. Ourofr*ii£2i)iYA\ Tl\ X'l. r »7-i!-165 
I IS 1 1 P.infi lieiMiiuvni |M, Khia»ii A. TNI -tilphu imliirlion of A I cxpi ns«ion in Iiuiikiii cuucei tdb- 

timiilKn IW. 9. 02B. G27. 
I I'W I C'Jiiun/; PI, Y^e F., Knrsan A, Winn RK, I JaiJunJM. Al is u uuiistiUtUvc ;inU iutlnctblv Lkl 2 homo 

1«|,nic in inauirfi humnn nentrnphnK. Murium hhpfyt Tins Ctmmun 1^98; .%I-S(i5. 
L J Kieniei L I'lsnujutttr J, Dnirull K, Arnrisr.n |<:, l.orhi C. Myrohnnrrimn hovis Knei II vot Oilmen v 

Cunin infection prevent n^Awis uf icaliii)- tiuuiun inouutyLcs. £ur flvmanvt i'J'J?, 5»7; 2l r »0- 

2lf>n. 

I IHV| C^ilolsky A, .Soinogyi Rl\ Wrlss T.M, Pn-xiowxky MU. TIip innrinn itniiapopiotir proiein Al is 
induced in mJiaminaioiy macrophages and coasiiLUiively c\prc.^cd in liciurophiJs. J htmuttol 
hW; 1C»?: 112 

I IS8J (JmsH A, I'rrnv/H A, Oimhrani Uciludic S, LbutardJP, DorrmndJ. In vitro Brucella wi-<i inleci inn 
pjcvent« ihr pmf^imnip.ri roll drfiih nl hnrnari muimcytic cHls /><//v/ Wjiiu^IMMI; «8: Mf» I . 

1 1W| r.;i'iljt i l|f; Dixit V. hcrnira N. Vascular endoihelial growth factor induces expression oi ihc 
anilapnpiciiii. pioleins Rd-^ und Al in vasiular entloihclia! ecills. J lliol CJitiH I'J'J^; 273: 
IXilrt. 

II10J Ftldinnn UM, Kosomhal |.A, Un X. Huyes MP. Wyushmv-Boiis A. Leu wild WJ. IIi.niiighfiiisen I, 
Fhihloom US, STAT^A-defiriem mirr <leinonstnit« a dnlnrl in prannlorylr-marroph.i^ colony- 
MimnliifiiiK f;iciui iiiduee.d prolik-nition and jfene expression. Blood 'JO: iVW-l770. 

1 1411 L*ollll. l>iicl(tosLirH.r.hi*njjQ f .Slin J.CIiviikC. NF-kap|AiB-mediiited up ivwilflUonorOdxanH 
Kll-I/Al is ivqnhed for CD10 survival si^nallin K in li lymphocytes. Pha Null Ar<n{ Sd USA IWJ; 
!Mi. 0130-91*11. 

I MX | VVmiy (X Ouiuiiljie DC. Muyo MW. U adwin Ab* Jr, NF-kappaB induces expression oi the iW 
honioln^ue Al/Rfl I in prpf^ieiiUiilly suppiess eliLuioUieiiipy-iiiduLed upupiuvin MU CrJl /IwV 
HUH); I'hW^.Vn*)^! 

I I'MI /i>n K WX, Kdelnein LC» Chen C:, Knah J, t^linas <:. I hft pr^um'wl Kcl-M homolof( KII-l/AI is 

ii diieti ir.tiLscripiionaJ target orNF-kappaR that hlucks *J"NFalplu-lnduced apopiosis. Genes Det* 
i:(:3KJ» »H7 

111 H Umniom RJ, Kourke IJ, rti»mnrtakisS Rel dependent, induction uf AL irmwcriplion is rermhvd 
to protect 1^ rells I mm jiniig«n reeepior ligatlon-lndnced ypoptoW* tUnmt ihni V.MA t IS: 'IWW 

I I U>| .Sedlak IYV, Olival /N, Yang E. Wmi^ K, Boise LH, Tlioiiipsou CW. Koisineyei SJ. Multiple BJ 1 

liUHily members dnnonstraln sderiKo Himeri/aiions wiil» .far*. Nntl Auul Sri ffSA IPM; 92: 
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//. 'Himtutdaki mid A. SrariUis 

|Mfi| Zlimig II. Cow^n-facoU SW, Siuiuiiun M, Git:enl»air W, Ilri/n J, Mcyhack B, SuuUinal b;*is of 
llh'lrl lor it* inlmuliou widi RAX mid its aiitkjpoploltc action in mammalian and ycurt celb 7 

yjiWrw^ooo ; S7r, 11092 11000. 

1 1 |V| Uliricz I'J, Wong K DnmvinUttc K, ShnhJril R. Kii^n A Al funcilmucnt the mltnrhnndria lodday 
viidoihelial apoptosis hi rnspoatn ro minor necrosis factory Uini r^/tiA */IHI()j 275: IKU&KMHIII?. 

IM8I Wcmoj Aft, il v Vii w E, Tail SW, RonU>.r I, Bonl J. B<l-2 larmly m«mbrj BfM/Al *e<juc*Ui> 
Inuioiicd bid lo inhibn i* rollaboraiinn with pro-apoptoiir Ihk or liaxj M*wi 2002; 277: 
?:>7fti w7K8 

ll l'.M Apio .SS, Mauri MO. Olsen ItR. Mapping of the human UAX tfon* to chromosome J9ql3 3- 
<|13.1 ami isolation oJ f» rinvrl air rtrnnrivrtly «plfe*d ii^n-iei'Ipi, HAX df>hn. ttmj»i«u:*1&Hlft; a'J2- 
ftO-1. 

1 1 .01) | Cii.lrlH.Ma SM, YbiiiuKuclu H. Koiihh.hu ft. Miyashita l, Yarnada M, Wu U SinRh S, Wai^ HO. 

Molecular Honing and rharairterhtaliun of Bit* 1 . A novel Sjl homology 3 domain lonlnininj; 

pi on-iii iluu ju-ToriaiMwiih Rax yHW Chun 2001; 276: 2 00 50-2 05 6*0. 
I Hil I Zha II, AjiiH'-^MupcC;, .Snio I, KaerlJC;. l-'mnpopinitc protein ILiy h«'f*»rortimftriz«5 wiih llrl-^and 

liomodhnni/c.s wiih lSaxviaa novel domain (MI.1) dtoilnnlrom mil and Km.JlUolClwn 1990; 

271:7110 7'|<H 

I | Schmitl K, I'fKpirl C. hYandipmin M. D™»r IWlrand |, Ren rnnrf R. fihnrai-ifiri ration of Hax-sigma. 

:i rHI drmlwndiirhij; toffcrm ol «six Morh*»i BwpkysKrs Gvumnn 2000; 270: KhH K7!>. 
1 1 f»3 1 Mly.iAluwi T. Reed J C, Tumui suppressor pa 3 ix a duwi IraiistriiptioiiaJ atlivuLoj of die In n nun bax 
w/iwti.w 203-200. 

1 104 | Olivai 7.N, Milliman ('.!., Knrxniflyer SJ Rrl 5> hHerorfjm<»rt7<\f in vivo with n roriKrrvrd homolog, 

Kax. thai accelerate* programmed cril do:ith. ftttf 74: IMM119. 
1 1 00 1 Woltei KC, IlMiYr. Smith G(„ NucIiimIiihii A, Xi Kil t Youlr KJ. Movcmriil offtHX fioin ilu> i ylowl 

in miiiiihujidihi duHnjf :ijHjpio.vl.s. fOU MotlWt; 139: 12^1-1292. 

I IM">| Nerhluhi:m A, Smith f Hsu Yl', Yonle RJ. Coid'onmUkni oHhi* Wf«X C I^rmlmis r^gntoi™ Kiib- 

cclJular location and <vU death. /M)/ 18: I . 

f irJj Stt/uki jM, Youlr RJ ( ljHii<lm N. Sintrtnrr niltax: rorrpiilarion ol diin<:rl<iniiHtioii;nidiiiUan llid;u 

focali/alion. Grll 2000; 1I1H. C'lD tV^d. 
1 1 :>8J (Iran A, Mi OonnpllJM, KuiAJiiL'yei .S| liCL 2 ruinily uiL'inbvis iind the miiuchomlrin in ,ipopio.si«. 

^V«ia /Vujyi)«i;l»: IH00-IAII. 
1 1 liM | Aiitonssoii 15, Monicvjiuii J>, Sanchez. Maninou JC. Ifcix h prweni a< a nigh moJcculur wcigtit 

oli^oii|i-i /complex in the nulochuiidrml mcnihr/ifU' of :»|i<>|iu>ii<- t irll.N. / CAnn 2001, 270. 

I Iff 15 WW A 

11001 Uiiii A, frijwik MC, W;*lnwky 1 .1), .Hnivinplli Ml). Wr»ilpr.S, Knrsmpynr NJ. Dijninrl Ml Irt iloiimiiw 
(MttuT sritsjilzc or activate mhochofulHal apoproxix, serving :« prototype cancer thentpcuUcs. 
(mum 2: 183-102. 

I I l>l | Kirannn ] . Mac-key MR, l>crkim C, Elli.smnn MH, LaUerich M, 5chn«iU»r R, Creen DR, Ncwmcycr 

00. Hid, l?;»x, and lipids roop^mte in I'onn .snpniincilccuhu- opening? in ih#» onn»r miiorhondriol 
membrane. M2002; 1 1 1: Ml-!Ml>. 
1 1 W I Kmmo\iwv;i IX AjMoiisson 15, Suzuki M, Yonlc R|, Colombini M» Bcmikov SMJUitf Chm 200 1; 
279: l307JV-I.HrrRM 

I10SJ Mwr/.u I, Urmiiftr C!, /Ams^mi N, Jmgcxifrincicr JM, Siwin SA, Vieint ML. Pt^viMi MC, Xin 

Miihimunn S« Rer<l JC, Krnrmrr (J. Kax nnd nd<»niiif: nnrli»oiidn rninMoraior rooprraK* in thr 

iiiieochoadiial control ofapoptosis. St uMce 199ft; 281: 2027-2031. 
IKi lj MailinmiJC:, r.n^n UR Bt caking iliu inJiochondiijl bunici. Nat tev Mol CrJi Bio!2Q<)\, 2 03 fi7. 
I lfi. r >J Koucon X, Mome.^uii S. Anlonwson H. M.-irrlnoiijr*. Hnx oll^ooiprlT^llon in mitochondrial mem- 

hiam-sr ivtpiirrs tlfid {rewpns^-H rl^vrcl Bid) and a mitochondrial protein. Hi,r.hrw JVMYI\ :«iH: 

oir, oi>i 

floo) /^iniy.iini N, Kroi-riiei O. Apo ptosis: juiluclioiidriul iiiouiUrdiie pciiiieabiluutioii— the* (w)hulc- 

.siory.- Un iii^ 2003; 13: R7I-R73. 
I h'.7 1 Cimw A. (urkclJ.WclMC Kowmcycr 1>| . linlbrced dimeri7aiionontAX results in iw translocation, 

mhocliondrtal dy^lunction and upupuwiv. FMROJ 1\>D8; 17; 3«78-»88l». 
1 1(>8 1 I Imi Y i; YoiiIi* KJ. Nonionic dclcigctitN induce dimeii/alioii cUiion>» uieiubeis of die Bel 2 family 

/ MM Chm 2TZ\ 1 3829-1 38.M. 
I Ifi0| Xiaiij; J, Cliao Dl*. Korsincycr SJ. liAX-induced cell death rnay not require inteikukiii I bcut- 

niiivi>i-finpi'ir/> iaiHilit' piuieases. I*mr Natt Acad Sn USA 1006; 03: MM>0-H r j&3. 
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7 Yw 1!( :\ 2 Vmm Family 53 

1 170| ]J P. Njjhawnn D, Uudiliuidjo I, Siuiivaxulu SM, Ahmad M, Aliicmii FS, Wany X. Cytochrome 
r and dATP rh*p>ijdcm foi liiaUou of •Vpsd-l/cHNpusc'J- cojnplex Initiates apopiodc pioieiise 
raxftrilr. f^/ 1 wv>7; !»r 47!l 

1 171 1 Kskejj K, Anionjuon II, Orfrit-Sand A, Moniracmiii S, Kirhi^r C, Knrioul K, Mwml G, Nichols 
A. Muiliiiuu JC. Rux-mdurrd ryrorhromr. C relftn.w from mhorliondiia is iridqx'iidrni ol the 
permcabiljty transition poie but highly dependent on M«2 I iom. / Ctf/ £iW 1008, M.S. 21 7 

•m. 

1 ,7 ^l Kmicino DM, IWy WeUel t, Wu lei ho use NJ. CoUei TO. Green DR. Bax-iuduced uispioe wii 
v;uion and apopioai/s vi;i rytnrhmmit r mlmst from milnrhnnririn is jnhihiinhlr. by hVI-xk filial 
Lhnu 1 fOU; ^74 : 22M-f/:w. 

I 17*1 Miii/.o I, Kieiuirr C. Zainzaml N, Jtirj'tfinsmnlftr JM, Nu.dn NA, Vinfra III., I'rovnxt Mf;, Xie 7., 
Mauuyimia S, RcrtfJC, Kroemcr 0. R;ix and adenine nucleotide translocator cooperate in the 
mitochondrial nmhul olapuplositi. Sonncc 1008; 28 1 : 2027-203 1 . 

fl7j| Kwoiy-Wei/f-l K« Nrwmryrr HI"), firrten DR. Mhorhondri.il rylorhmm* r release in apopkwsi* or- 
alis upstream of l>KVI>Kpp.nlir rfi.spn.se activation and hidrpciidernly of mitochondrial irnrw- 
mcmbranc depolini/HRiou- EMBO } JS'J8; 17: 37-1*J. 

| lVft| (loping IS, fiios-< A, Luvuiv JN, N^eii M. [eiNmerson R«lh Kumneyei SJ, Shcne CC 
Kcftlilaiiod inrgeiing of HAX lo mhorhiindrfn.'/Ostf /toiHOQft; MA: 907-71 ft. 

1 170| McCarthy NJ, Whyn* MK, CHIbeitCb*. livftn 01. Inhibition of Ccd-lV J CE-relaicd p»t>»wMdoM noi 
pjovuril tvll death induced by oiirogcnrx, UNA dariiNge, or the Kr.l-? huiiuiliiuiiv Buk, / Cell IM 
l'H>7, I.Hfi 215 227. 

1 177| Lewis M» hr-ihell S>i, IViiM S, MnnlnnnJC, Amon<son Lt PtirTfirsitfrin and hinrhfimiral proprnies 
ol soluble recombinant human Kax. ftatrin Ifapr Purif 1.1: 120-120. 

1 17rt) hibbvji li, Webei M, Nikolumk WH, V t >yt K t «rhoni MH, lUasnr K, Smioii HI J. Cylukim: uifdiuLcd 
llnx rUMkicucy on<l con.iccp.iont. <ti laycd I'l^ulrophil St|A» p!v>p. u nvootal mr.chanum lo accumulate 
L-lfrclur rrlls in in I lam mm ion. fV». NmlAuutSci USA 1U9B, »<i. l.WSO IMVi. 

I I7'J| Shmoura N, YoshtdnY, As?jI A, KfrinnT llnmnH.i II. Kclaihrolovrl olVxprrwtion of Haxand llcl-Xl. 
di>a-imiiirs tlu' miuisirlaic oi apopioyts/ necrosis induced byih« overexprcssionoi Uax, Ovroftme 
\\m; \H.r,70:\ r>7\$ 

I IWU| MHjrrink Jl» MiMisiok |«J, Wung 1^, ScllnkTSV. Slocijc.i AW. dc Wiuc T, Wakflrrum f.S. Kont^^r- 
S|. Memaiopoieiic maligna ndrjt drmoiurnitr. lo«s-oWiinrlion mutaiionx ol MAX. /1W lf)0a;01i 
200 1.2007. 

j IHI | l f lrirli K, KmilTniAiiiiZvli A, Hucbci AO, WiiliHiiisouJ, CJuUrndcu T. Mh A, Evan O. Ck-uu iliiic 
inrr, rl)NA x^qnt.Micc. and cxprowion of murine Hak, o proapopiolir lkl-2 family member 
nvrnv:* IV.HJ7; 44: I Ufi-200. 

1 1821 Hcibciff.lA, i»hillipa 5 4 fork SJoitftt T, Shrrr I), Wn JJ, rrorha/ka V, llarr PJ f Kitic-rMG, lYomdalo 

J Otiuiuk Miuciun* and domain orffioiLiaiioii ol die human iiak gene. Gene l'JU8; 21 1 : &7-0 1. 
j KiWrrMC, nraimrMJ. Powers VC.Wu ||, UiJiuiukySICTviiid LD. liuu PJ. Modulation o fop opirwls 

by tlir wldrly dfnrlhmpd »e1-2 hoiiiolojpic Uak. Nairn* i 995; 374: 7S><>-T<S0. 
1 1* 11 Puusuii AS, Spit./. KK, SwiKhrr.SC, Kmaoka M, .SnrkiM MC t M.*yn KK, MrDonnrll I j, CHsmno KJ, 

Kuili JA U|>iv||ulsiii«iii of the proapomoiic mediaiort Rax and Bak aficr sidcnoMnw-iiietli;ued 

|»f>!'. j;rno Iran.dVr in lmt K i-uiavi lc-11>. C/ni Cancer fox 2000; 0: 887-800. 
1 LmJI, Dunioni l\ IJafey M, Murphy MK, (Voqjrr HI.. MftorhondH.il pB» :4niv:nc.s »ak and rmucx 

diMiipiiuii oi';j link-Mr II complex. Nnt Oil IUof\>()() \\ iir 'M.'J /ISO. 
I IH^I IhintmcrJ. Wonlnjf< * W, Bau J, Wojta |, TjtcJuicliltiJ F- Tins cadi denih icyulaioiy pioivin b«k i> 

fxprfjwcd in iuidolhHiv»l in iidlauicd Luoucsuiid h induced by IFN->;aiiiuia in vilio. ittwhwt 

iitoptw Hex CommitH 11KH); IM\ 1 fto-\4X 
1 IH7| .SliuIci M. Ijutijr ||, Nnncnhnlm 1), Mrarinuw RP, Marian JE, libenciadi M, Yoon 1 IS. ShuknrSK, 

f :i»:inj? BR, Minn AJ, riuniipsou CR, F> vik SW. Slmcturc of Bcl-xL-Eak peptide complex: iec«»H M ' 

dun honv^^n i^uliiloib of upopioxb. Seitnt* V&7\ 27S: 0o3-y^i. 
1 1^X| Wei MC, I jncbifn I* Moolha VIC, Wr-.il^rS, Crow A, Ashiyn M» Thompson ( '.II, Knramn)vr.SJ. HUD, 

;i meiiibrane-iui)?eicd death ligand. oligomrri/.ex UAK to release rvioc hrorne r. f^iirj Dev 2000; 

14: 90GO ?»{|7I 

1 18"| Kor»mi»y«r SJ, Wri MC, Saho M. Wcllei S, Oh K(. Schlr.sio^ri PM. Pioopoptoth-: cascade acdv-.ttes 
HH>, whitli oligonirjiy.e.\ li/\K or MAX Imo poro.s thru rwnili In ihr* rol»*;>.se ol ryiorhronir <*. (Jtf/ 
^///"/t 2()tJtl; 7 : |J lUv-1 1 73. 
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^ /*/. Thf/trwskiki and A. Sio/ikw 

1 1001 WviMC.'/oiu* WX.CUcuh F.H, LiiiilmisiiT* AniouuukO|iciiiluuV. RossAj. RothKA, MavCicKui CR. 

I'lionipsun CD, Koiaauc-yvi SJ. ProapnpuiUt; BAX Wild UAK: h requisite ^airway 10 milochuiidi ial 

dyxl 11 n ri i o n ;i n d dp;u h . St.-imu,c 2 00 J ; 21 >2 : 72 7 730. 
1 101 j .Sun YK Vu 1,Y, Hnarma M. Timrmixk i; Aniniar 1 NrurmwsperihY IW4-2 homology :t domain-only 

^P' 1 *-*-' vuiiunl of Rak is anii-upnpiorir in neuron*, hm pro-apnpi 01 ir in non-nrumnal evils, [tool 

CAm* 2001; 276. 16S40 10247. < * 

I W2 j I J.vu SV; KtipinA, McGer R, l.omdt M, MaiaK AJ. Rnktea pnvnpoprorir RH-2 protein with restricNid 

expulsion in i«produuive tissues and hctcrodimcrizea wiih selective anti-apoptotn: Bel-2 family 

niriiihnrK. Putt NtMtlAwdSti W>A 1097; 04: 1240 1 -1 2100. 
[I'JM| luolura N, Kkhi^^l\CarciaKCarrif»R.MorinoJ.McriyA,ChcnS.Nu!ic/C. Mid.wimwri HrM2 

family member anivair* apopmsl* In ih* nh*i»nr<> nf hMi»rnriIm<»rl7:iitan wiiJi hrl-2 and Url-Xl.J 

(tort CArw 190$; 273: 6703-8710, 
1 101 j YhiiijT, Knxoprtft KM, Ciafe RW. Ilic iiitiaccllulaj distribution and puiu-m of vxpursMOn nfMrl-1 

overlap with, bill are not identical in, ihflws of IV 1-2. / rV/ ftwv/ 199ft 128: 1 173-1 1K4. 
II0!»| OtLi R, Ohki R, Miinusiwn II, NpmoinJ,.ShibueT.yafnaj!hUo l\ Tokino T, Tnnigiirhi'i; laiiakn N. 

Noxa. ii BH3-only iiiembtn of ihc Htrl-^ f;jjmly and eauditlaie mediator of p!>3*iudui:L'd apoplo-M*. 

,V/««ffl?(IOf),288: 10t>S-l0D8. 

Zhang M, Huang Q, N, Mnnmyanm & Hum mm-k ft. Gnrizik A 4 K**rf JC. Drnsophila pm- 
apnpioue BrLiy Kax homolngue reveal* evolutionary conservation of cell n>adi mftrhftnmiiK.J 
MU Chcm 2000, 275: 27»0,V27»0b. 
I IU7| Mm 1 SY, JImioIi AJ. A splicing variant of the Bcl-2 member lk>k wiih a iruiimiuil B113 do main 
iiiducrx apnpimis hill rinw nni dlro*hV.e with aiilfopopiotit Wd X proirfru in vitm.y Hurl Cfixm 
ltfLms273:2H)1!HK40l4fl. 

|PW| Uii 7„ Oapuulade t; Moyrn-l jtllr C, Arnor^iurrp.i M, hrnnTeun j, Ljirw.ii AK, Hiidlei vis BB, 

Choi mil) S. R<MMaoAv *>1 MC1-7 human biciuri utiutmnut i:clla to 'WHiidiitA'd evil dunlh is awo- 

nan -d with nrp!tt rnncdon Omv^ntr. 1007; 15: 2817 -2820. 
I lyilj Yakovlov A(;, HI (;i«vnnnl .S, Wnng r,, l,in W, .<;ir.irn U, Fad^n Al. ROK nnH NOXA arr raxcmial 

mwdsnorsol pS^lcpcndcni npopios^.y^ f^ ^OOl; 279: 2»;j«7^2b37l. 
|200| nrriwn f.Y. LUiwvn S|, Luiiny C. Hfbcidcn C H l.c« RM. Ndmuii PE. R/j1c of Mid/Uuk in nnminl 

find ftroplinstic Bccll dcvclopmcnl in {ho bursa of Fabric ias. Dm Cwnp Immunol 2001; fJig 

0^4, 

[2l>] 1 Ysiiik li, /.ha |, Jockel J, lioi.v LI I, 'ITioinpxnn Cli, K«miu7^r.SJ. Mad. a Iwicrodimcric pannerior 
llrl XL and Bel 2, displaces Ba,\ and promote* cell doatli. C>J/ I00&; fiO: 2W>-201. 

I MY? I Kaipia A. lieu SY, Hnioh A|. F,Hpr«'iS.-»ioii mid fuiKlivil of a proci^piodc family mcm- 

Uvv ftrlrXL/Kfl-2-n.'iwriniwl d»»nih prr>iYioier (UAD) in rnt ovarv tindncrinntaty HW7; M«V- 
i>MM. 

R04| Tan Y. Dnm-iiM MR, Kuan 11, Comb MJ. liAl) Ser-ir>. r > phosphorylation re^ojlaley CAD/lkl-XL 

Iniri-nrilrtii nnrl r HI mi i vival. J Biol Chan 2000; 275: 2&8GS-2&S60. 
[20 1 1 /Imii XM, I .in Y, rayin* C, Lvitz R|, Clu'tiondenT. Crowi h fncl.ori, innclivnte tlic» cell death promoter 

NAD hy plHWfphor>4.nion nl iis HHM n\ main on SfilSD Ctttm 2000, U7R: ^<H(>-i>rr0.M . 

I iim I Daiia SR. Kju.sov A, I lu l„ Pctnw A, r>*i k .W f Ydie M II, Cirenhr rg M R. 1 1-.%3 proteins and survival 

kiruisos r.Mi|»-mle to iuuciivatu MAD by domain pliosphorylnlion. MdCdl 2000; G: 41 li'l 
|200| IJzranoJM, Morriiv N. f.niirtn P. Rpgnlallon of rtAD by rAMP rtp|n*ndnni prnirln kinase Is mrtli- 

au-<l via pJuMphArylndnn nfn novel m*-, ,Serl55. BUxhcm J 2000: 84»*517 557. 
1 207) Viidi-f K, l^aionc 1*A, Tolkoviiky AM. PlKwtplmrylarion nl the prn-iipo[iUHic prolWn BAD on sviiiic 

Ififi, n nnvel .vilc, coutiibute» 10 icll snivivai. Cwrfitol 2000; 10: 1 l&l-l 15)1. 
I'JUSI Dranwi S. Srhricl MP, Mniti A, Hojahipimi R Chi-n X, Sch.ir.^,1 r.nndlrtl nR, Arthrrh-nld U, 

Oiironio V. Idrnii(ir:4iinn of a nc^'el phosphorylatloii rite, Ser-170, as a rcgiiUiinr nf had pro- 

f»pi>pnjdi :u iiviiy.y Rial Chnn 2002j 277; C500-4J4to. 
|2(W| /.hiiny H r /.liking Y, Sliuetci F.. fcjr. i inm'bilx apoptosis in human lymphoma tells l>v siijuulaiiii« 

Bad pho.tphoiylali«n on Nrtr-7Ti. M/wf fWi Jto*/ 21X11, 24 fj^OU 02J-.1 
1 2 III] Won J, Kim UY. U M. Kim 1). Meadows (\C h Joe CO. Clravagr. nf I4M protein by caapaws:* 

l.-ii ililiilr.N bad iiiteractioii with Bt J-x(I.) dutiii^apn[)ioxi5i.y Kwt Cham 200$; 278: I0347-10B&I. 
12 1 1 1 Dana SK, Dudrfe 1 1, Ibo X, Masters S. Fu H, Got oh Y, Grct.nbn>» ME. AkL phosphoiylailon of BAD 

< tm^Io survival ai^nal* 10 ihe rrll-intrinxir diwh m.i<*hini>ry. <Udl HH*7; !)! : 2'A 1-24 1. 
I5M2I Del IVno 1... Gonzalcz-Ustreia M, Pago C, llm-ftra H. Nnn«/. C. hii^ilAukin^indueed phosphoiy- 

lalion of HAD UiioukIi the protein kinase Ak|. Somct I W; 27«: 087-oKO. 
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The B( I J2 Om* /'hma/y 55 

I 21 HI D.itta SR. Rmi£«i AM, Uu MZ. SLuiyill |K Ma YC, Cowan CW, Dikkes P. Komnoycr SJ, Gr«en- 

h«nj MK Survival fauui mediated BA1> pho*phoiykidou raises l he iiihochnnrlrinl rhrnxhnfd lor 

apoplcwiic. l)cu V*MSWl\ »: HH1 K43 
I2I-1J toiiinann KM. VanBrocklin MW.Swnend NA, KhohenSM, Koo I1M. MiiOKCiKiciivHl<?<l |irotciu 

Uiium* puihwuy dependent tumoral >en I ir .survival signalling in melanoma cells ihion^h inarlivn- 

littn ol'ihc proapoptotic protein Rad. <;«/fc^ /ta 2003, 63. G3$0-B-\S7. 
f2l&| Li W(£ Jiang ^ Khalcd AK, Keller |K, Durum SK. lmurteukin-7 inanivaios ihe pmipopiofir 

prolan Rnrt prmflutijij; T toll suivivul. /iforf Chcm 2001; 270: 291G0 $01 66. 
[ J 101 King X, Yu S, Kilci A. Man M. Raid RCJr. Royd O, MiIIk Oil. Ketfjlaiitin ol I5AD phwpllOOflMicm 

al nt'iiiic J 12 by (he UasHiiifoftrmimvaird proT<»in kinase pathway. Onrugmt 1000; 18: GG3LI 0010 
f'il 7| /Jin Y. Yang GY, Ahlemeyei ft. Pang L, CIik XM. Guhnaee. C. Kluinpp S, KiicKlMciuJ. Transform 

iu£ ^lonlh factoi-beia ] Inneases bad phosphorylation and ptoiccts ucuious against dnmajjn.y 

AtfKimff2002;22:<UMA 330fl. 
[2JH] ViilkN DM, Cook SA. Plurai MI, Morhson 1% Clerk /V Sudden I'll. Phenylephrine piumou* 

pliosphuiylauun of I tad in cardiac riiynryrr.fi through ilu: cxiracelhdai Hgir*il-iutiiilau;tl kinases 

1/2 ;»nd protein kinjm: j\JMi*i C'U (Ww/2002, 34. 740-763. 
|2HJ| Coiteivi SJallM/.M, IUi?m»i A, C'hernnlTJ p21 Activated kinnjwft (Pnkfj Moralise* to mitochondria 

and Inhibits apopiosw by ph<»ph<>ryfciiing HAD. Mot Oil f&tf 200$ 23: W>2t>-&I>;$y. 
1220) Dullu SR, Brunei A, IJrreuherfr MK. Cellular nirvfvsil: a play in ihreo AkU. Gcricx Dtv 1909, 13. 

2D0S 2927. 

|22l | Srhnmv.inii A, Muuui-y AK.&mdeis LC:, Sells MA. Wany 110. ReedJC, Mnkiirh UM. p2 l-i*rdvijii-d 
Miuuv I phoKphorylmeA ihc t\c:ali AgoniM I(:kI and prottti* rdU from apopiosix. Mol Ceil Mul 
2000; IJW-Wl. 

J.ikolii K. Movill li, Kucppel MA. p2 J-uclivntcd piolciu kiui^c Kiimmji PAK xnpprra»n( pro- 

piiinmcd cell clc;uh of UALDST3 lU>rol>lo5l.5.y/W CA«« 2001; 276: 100^1 lfiltt-l 
[22: > «| (JfJcstMUi N, J, Miridrn A. Thfl 5miii^/ihrAAninn kin:wr rV\K4 prrw:nl« t -uxpaxc ctLlivuUun mid 

proicnx roll* from apopio/tlJt.y ilialCJu-.m 2001; 276: -1-119. 
I221J CuilVK'l S, Jailer /.M. Bwcr A, Chi'ftlOll J, p2 lHICIiWd kin».so U (Pukii) luinli^x ir» rru- 

tovhondrin nnrl inlnl^l.s tipoptuni» Uy phukphurylaiinK RAO C/i// /ho/ 2003; 211: !>. r >2ti- 

I 22(>l DruutSR, Dudc^k II. Tuo X, MajsnrreS, lm 1 1, Cotoh Y, Cn^nbr.r^ ME. Aki phosphoryUitioii of RAD 
c ouples .survival ,si^mh 10 the colMmrlnjrjc death machirjery. CW/ 01: 231-2-11. 

| Rhmii* )i*u^'[i r. Juiikncclil R, Muntvi I*. The kit rcLvploi pjoiiioU's cell s-tirvival vf;i nrtivriilori or 

IM :Uln^xf» ,'*n<t xubtfcqucnl Akl-mcdK»tcd phosphoryl:idon of Bad on S*rl3ft. Cnrr Hint \ WJH; X: 
770-792. 

12271 U:u:h\a H, Rcckncll B. Willi! M. Mann M. Huang I J. Taylor SS. ScotlJD. Korsmcyri SJ. Phovplw 
lyl.ninn uml in;iciiv;uiun of BAD by niilodiouduu^mclioicd piutcin kinoM* A. Mul CAl 1000; l\: 
ll'WI22. 

! 228] Vim R. /cin.skov-i M, I loldrr.S, ( :h1n V, Krati A, Koakinmi l*J, Ully M. Tin: P1M-2 kiiiiise phwplio 
ivlalo RAD on «enji»* 1 12 and rtrvenvs RAD-nniurecl roll death./ Bwt Own 2003, 153^8- 
15 307. 

1 220| I:i|;1«yev AK, (*;n*^v;i NV k Homria H, KimdihOA CM, Rokhlin OW, r.rthi*n MR. Overexprmion ol 

liAL) |x>ienumes xensiiiviiy 10 ninior nrrn>xi*x Ihnor-rnlaie.d apopiosix-indnciiiff ligand ircuimnri 

in the prosiaiir cirri noma rrJI linn l,N(Lnl» Mot Cmrrtt /to 2003; I: AO(W>07. 
|2?0| Seo SY, Ohm Yii. Iv»u«^k» I, KauKci AM, llou^ S|, Daw.N VI , VL. Ku^mcyer SJ, Dcllow.s OS, 

Kmnjianp Y, MmriwiVk JM RA).*) in a piovuivival futloi pritji !«■ firlivftlinn nl iis pro^ipoptoiio 

Imiuion J Bad Chem 2001; 27»: 42240-12249. 
12*1 1 Wany K, Ym XM. Chao I) i; MilUman CI, Korameynr SJ. KJI): a novrl \\m domviiiwjuly dciilli 

.ignntct Cmnifrv 100ft, 10: SflliO .S2HG0. 
| T.\'/ 1 I i II, yjiu H, Xu CJ, Yuan J. Cluavu^u of RID by cispasc 8 mcdhilvs the niitucbonrlri^l dain.i^ in 

ihc Fa* rxilhwayol ;i()<>pto«is. <Wt IM: 4«l-. r >0l. 
1 2:^31 l)cxii|;|i<T <.)scn-tfand A, NichoL^ A, ['sizes K. Momexxuk 5, l^vuper Maiuulrcll K, Anioiasuu 

R. Miiiluiijii JC Bid induced Loufuiiiiulioual chunye of B«ut is le.vpoii.vilile Ifir milnrhondrial 

ryinrhruiuu c release during apoptosb ,/ Cell Hid I0«.V3: 144: 801 001 
1231} St Iil-ikIH Sl^ Av.linov K, C.twlnwxkl K, Cod/Jk A, Knjpin IW V KeedJC. Ion ciiaintcl aLtivity or I he 

B) 13 only ArK2 tamily member, blD. JIiioi Lhrm 1999; 274: 219^2-21930. 
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H. ThwwuktkiandA. Stwilus 

\'29&\ Uiu X, Budihuidjo l« ?.<m H, Slaughter C, Wang X. Kiri, a KrlJ iiiTernning pmtmii, mediaies 
» yitM hinjiif c lulcua from miuxliondria in response to activation of cell surface death recepioi*. 
fj<// I HUH; !M AH) 491). 

|231>J Liu X» WmCN, YaiigJ, Jrrmnrrxnn R, WangX. Inriiielion nfapopimir program in rall-firr rxiniCM: 

iciiuiiunciil lor tiATP and eyioehrom<» e. OH IfcHJfi; Klb 14*7-l. r >7. 
1 2^7) KrooiTjci C, Dallapoiia B, Ri»Lhe-Rigon M. Tin: mitochondrial death/life regulator in nj.jopio.sb 

and iit'croxix. /tnim /In; %vwi l«9fl; 60: nl<> M2. 
I WK| Ki'jiaIiiwSA. Dciii|im*v CL Unities KA. Itajpiait SM, DowcrSK. Bintfc CD, Whyie MK.Thicc novel 

Mid proteins gcncraleri hy altmuuivr spUiiiiK of the human Bill / fiAmw 200-1; 270: 

284<>-2Kr>r>. 

|2ft)| Mmavenku OV, Kaxhubn VI, Kuixmikn AN, Cf/nnillm K"/., Proiopopov Al, Kva/ihaSM. Al-Ainin AN, 
MouJii AV, Zabuiovsky lilt Human IJRKgcnc maps to position UqlJJ. Cftrw»i«i»wr^2000;8: 
(IMi. 

|>HJ| Jnohara N, Ding U (Ihen S, Nunez/ (1. harakiri. a novel regulator «l cell death, encodes a proicin 

thai :uli vales npopinsta nnri imi»mci.< s el i»r lively wiih survival promoting prnie.in* Mr 1-2 and lki- 

K(\.y EMUOJ 1997; 10; 1G8(M694. 
|2<ll | Inuniiml K, "]m.r1«i M, Inuii Y, Wanatu A, Takajp T. Tbhyainu M. MoJuculai cloning ol' a iinvM 

polypeptide, INS, iridurnd during programmed neuronal death. //!/«/ C^rm I )7; 272: 18H42- 

JHHIK. 

12-12 j Situ/.C, Bcnilo A, Inohaia N, Rkhlerae f>, Nuiur/.G, femandc/.-Luna JL. Specific and mpid indue 

liuii of the pi oapoplouV pioU'in Hrk aftergrowth factor wi (I idmwal in hematopoietic piof>eiiilui 

nilx. tliondUMUiWt: V.7W. X747 
12-13! Imalzmni^Moflhara'^Mo^^ 

M.The evil death-pnvmoiing gene DITi, whirh im<»mris with ihe. Hdl.X family, in induced <ltximju; 

neuronal apupttMi» following oxpoauic lo amyloid beta piuLciu.J BM Chnn IW\ 274. ?J7fi- 

VHNI. 

|2 1l| llnni« <1A. Jnlntxon KM Jr. MMft only Ucl ? ff»nii1y memheix iir*» rr»ntrlinnt<»ly rr^nl.itc<l by 
|NK [Aiiihwiiy iuicl require -ttax io imlart* apopioxls in neurons. / tiiol Uim WOU ^v': 
»77ftfA 

|^ K r )| Shi no** i; A, Nikdido V, Kanazawa K, Shimim J, liruiin.imi K, Kaiuucuwti 1. Lfprc^nhmV>n 

ol die pnKipOpiohc Ml l'W>nly p^piidr hnmkiri in spinal neiimnx rjl nntyn trophic kitrntl .sdrrOffifl 

pnuciiw. tourtvn Lett 2001: 3K*: lf5.Vir>7. 
llMfl] WVilciliuyiislii T, Ko.vukiiJ. Houuimni .S. UfvreKidation ol Hrk, a rttfulaiur «f tell death, iu ivliiud 

tfTkMUlioii colls of axolomized n.i i v liri:i. NcuiwciLctt ^WSJ; 318, 77 80. 
|217] SiinzC, Krnho A, Inohnra N, Kkhrerno D, Nunez G, frrn&ndefc Lunn JL. Spnrilir nnd n«pid incliir- 

u'oll of thr pionpoplolir pratrin I Irk .iflrr growth l^rtor withclniw;il in hcrn:ilopou ; :iic progenitor 

t clh. ilW 2000; !)f>: &fl-2*W. 
1 2 18 ) Jiirislcov.i A, Anteno* M» Voi nui/4i llllyJL. Qtspci Rl«* Expivsyiun olapoploiiA i e1nn»d penos dur- 
ing liuiikkii prnlmplAni;niAn embryo development: potential role*c for ilic I hrdkiH g'»n< a pm/liiri 

and ttwpaM*-:* m bl.iMomr.rr IVngmflni.nfon. Mid Ihim /^W^JKXI; i>: 41 . 
|lM n | Saiiy.C,MilLsiioui 1J, LinkWA, Naranjo |R.Femandw-runaJL.. Imerieukiu McpcndciituctfvHiion 

ol DRKAM is invidt/i'd in IraiiWJiipliuual sileiu injL; of the; upoploUL* Hik gcuo in lienuilop<iir1ir 

proffcnitor relit. /jVf/lO/2001; 20: '2V\fi-??£9.. 
|2.'.»0J StiiKi^miii J, Ando Y» hoh N, Tomiyan^ A, S^kurada K* ^ogiyama A, Km»g I), Ihsrilro \>\ (;oioh Y, 

KiKhiiitj Y, Kiuuiaka C. PhyKirul and lunclioiuil inirnniion bctwr<*n ISIllVonly pruuiiu Uik and 

ntiio< hiiMilnul poicioiiiiinjj proicin p»2. Ctli.OwUl DtfferZOOV, J I: 771-781. 
I2f)| | Mouiilei )\ /hang \X\ llu.ing DC, Webb 0^ notlema Cn, Stan- P, Kyrfl F TJ > Sulhc rl.ind CM, 

Ad^nnxJM. <M»np Kin in ore :ihemntivi- i: pi icing, :md chromosomal kujliziuioii r>f pro^pnpioiir 

Hr I 2i t .|i»iiv« Mini. Af/jjniw CrtWfl#20UJj 12: 163-lbH. 
I^l Mmi sy, Liu E\ M.sufh A|. HOD (fccW-rclaicd ovarian death gene) in an ovarian BH5 douuiin- 

foritainiug proapopitulii; Ucl 2 pioU'in tcipable uJ diiuei initio u with divfiar juitinpopioiir IU I-2 

nicinboix Endocrinol \<m, 12: 14.V2-1440. 
lU.V-l] O'C.Vintioi I., Suvissri A, O'llrilly I .A, Munxniiinn ArianrotJM, Cory S, Huang IH":. Mini: h nuvd 

niiMiiber of the hcb2 (Vmnly I hat pioiii<Hw apvptoai*. EMBOJ 1998; 17, 
|2i>IJ O'Reilly I A, CnhVn I, VlKvndvi J, UinJuiuuu CJ, Pihil C, lialh ML, Iluany DCvSna^-A lh»> 

proapopiOlir Ml ily protein bim \s » ?<prt*s.sr»d in hnmnlopoiAtir, f.pithe.lin], neuronal, and germ 

i. /It/j y PaifuA 2000; 1 57: *Mit-40 1 . 
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l he B( ;L2 Cmfi Family 57 

|2fjftl Rmiillri I', Mmrnlt I), Huang DC, Tin Union DM, Kay 1W, Kontgen K Adam* JM, Kinusrr A. 

Pro.ipopi.oiir ftcl-2 relative Kim required for rertain npoplorir rexpnnxr s, leukocyte numifoxuwi*, 

and 10 preclude, anioiuiirniniiy. Sruntm 1999; W>: 1 7.^-17.^. 
|2'»0I DiMulln K Huang UC, O'Kcilly LA Puthalakath 1 l t O'Connor L Cory Adams JM. Snracr A. 

Tho r»lv vl'dic piuapuntoiit Ri:l-2 family immiber bint in physiuh^hiil trt-II death. Awi MY Awl 

f W7| Khinjyo T, Kunbuni k. lnuksii L I )o?»oi I 1. Kinortiita j; Miywjima A, I lou^hton PJ, Look AT, Grown 
K. lnaha T. Downre.ftiilalion of ttim, o iironpoplolk relative of IVI 15 .1 pivnlnl xie.p in cytokine- 
uiiUaird imrvival xipru^Uing in murine heinampnieuY prngeniiors. Msit C*U MW20D I ; 2 1 : 851-801. 

( | W hi l fit-Id |, NvuiiiL* S|, Pui|u<n l., R<*i naid O, Ham J. Dominaiii-iicgauvc e-Juu piuiuuu;* neuronal 
miii/KmI by reducing- MM expression unci inhibiting mitochondrial ryLoi-lu-oiiiu c idea*.*. N™™* 
21)01; 2*1: 

I2M»| Pmeua GV. Moulder KL Golden Jl» IVmillct )» Adam* J A. Siramer A, Johnson EM, Induction ul 
BIM. <i |j|f.v<ipu|Mulk RH3-only RCI.-2 lamily mcnthcr, is i:H tiral foi ncuiomd upupuxtix Nmmm 
200l;20.fil!i-fi28. 

|200| M.iml 1 I, MlyxMhittt T, Shi kit lira Y.Taduluiu K, Yauiada M. MolcCulai cloning and r ha racier! /a Hon 
ol six novel ixol'ormx of human Him, .1 member of the prnapopmtic llrl-2 lamily. mm Leu 20V I; 
509-.I3JM-U. 

|2t)l.| Lilt |W, Chaudia D, Tang SH, Chopra D, Tung DC. IduiiLifii-aiiuii and diai\irierr/au'on of 
Hirn^anmia. a novel proapoptoilr RH/i-only splicr variant of liim. Ctmeci' lies 2002; «2: i>u70- 
Jftlftl. 

12021 Pmhaltiiuiit] l l.lluiuiffUUO'KcillyLA.KingSM.iJuTiJJMrA. rheproMpoploiirmimiyufilif Bcl2 
family meiubci Rim is regulated l>y ii|<< Taction wit Jl the dyncin motor complex. Mel CW/ ft 
2H7-2O0. 

|2ltf | Dnkrr* 1 1*; Mrdem.i KM, I iimmersJW, Koenderman I , Coffer PJ. Iv^prt'.winn «l ihr pnKjpuptoLit 
lkl-2 lamily member Uim is regulated by ihe torkhead iranxcri prion l'uaor i'KJH IC-Ll - Gun-Rial 
2000;10:1201-1201. 

1 201 1 Piiii hn r.V. MuiiMer KL. Cuklvn jR Unuillut 1» ArJam>JA- Slift^ei A* folm^n KM. Indurlion oi 
KIM, a projipopioiic Oll^-only UCL-2 fiunily ni<:ml^:r. is critical for neuronal jipopiasis. Nmmn 
20UI;2*>.OI. f M>2ft. 

|'J0!r| Stnwsrr A, Pmlialakiitli li, Uonillei V t IluaiiK JJC, O'Connor L. O'Reilly IJV. Cullcu U Cuiy S. 

AiliuiiK |M. l'lu' roll- of bun, a pronpoptolic ((H^-unly tiicinlicr of Llit* BlI 2 family in r^ll <-ImiIi 

r»nlrr»l. Arm NY Amd S* i9S\MiMT TA\ TtA% 
|2t»(>| Key K, Kwin|;« KK, Mnrlli^ld K, llow^ K, Hnlmnnno K, Conk S|. KKinirrlluUu xi^nial-icguJalcd 

kiniiM*> 1/2 mv aci uiiraliiuulalud "Biiu(F.L) kiIla3cs ,, dial bind lu Uil BlliJ-OiiIy protein Rim (EL) 

i:iii.sin^ iu ptiosphuiylaiiun and uaniovcr. ffiwl CAai;2001; 270: 88S7-5817. 
1 2(>7| Chen 1), /lion Q. Cnxpasnrlenv^of RlmF.L 1 riggers a positive feeHlvirk.irnplifiraiion ol'apopioiic 

Myniillnif;. t*mt Natl Atari AW USA 20IM; 101:1 ^.'W-l 2'I0. 
1 268 J l.u<i;mi> K. jatquvl A, Culuyciii P, Meiiaul M, Giigitol S» Pu^cs G, Aubvi^fa P- Phosphoryl;itioii 

ol" Biin KL by Kikl/2 on scrim: 00 promotes jls d^niclutiufi via thtr pioLca^uiuc jjwihwyiy nnd 

irjpilarf.s its prmpnptniir Innriinrt 0r*ff£ffur2OO3,22. 0783 l>7<J-i 
L26UJ Puichu <.iV, Lc I'mnk .S. Ue-sirli C<;, <:iark K 4 Chu li, Alix S. Youle RJ, LaMarchc A. Maronoy 

AC. J1.1l11u.uH KM |i. JNK-iucdialcd RIM piiu.spliuiylaiion |M>U*mml.cs 15/\X-dcpcndviil npopindx. 

|2'/0| Ihldem.m DA, /hn Y. MiuliullTC, Ronillct P. Sliiuwei A. Kapplci J, Mftnack P Anivmpd T rell 
<U;uh ill vivo mrdtaird by pn>apnptodr hrl -5> family ninniher him. /flnniiiu^2002; 10: 7,*i^7fcj7. 

1^7 1 1 Piiihuliikaih h. Snwscr A. Keeping killers on a u#ni leash: iraiiscripiional and posi-uaiisbiiuiial 
( undol of (he 1^1 v apuplulie activity <>1 JlHS-uuly proteins. Cell Death Differ 2002; 9; WD 

\'2'J K J\ llihtcmiiiu OA, '/.In 1 V, Mili-hcll TC. Ki*\tp\<ri J, Mtintick P. MM^chIai' m^rVianiicm/i of ncliv.n.rtd T 

reil death in vivo. Cms ()[nn /mwW WW; 14: ft. r »1 .Vi^. 
1 27* | WliiffirlclJ. Ncamc S| t Paquci Bernard Q 4 1 lam J. Dominant-negative c T |un promotes iiruiunul 
Mir\iv.il by it/dining B1M cxpifssion and ndiihuui^ milochoiuIriMl rytochiouic l ivleaNC Nmtu/t 
y00l;20R^MM3 

f27'{| Puuha OV; Moulder Kt ., (ioldrn JP, llniiillei |» ( Adams JA, Si rawer A, Johnson KM. lniii.it tiun uf 
RIM, a proiipopioiic Bll3-only BCL-2 lamily membpr* ix criticaJ for neuronal apoptosis. Nruron 
Gi'J 02». 

1275 1 I Ian is C*AJnhnxnn RM Jr. RHft nnly h< 1 9. family members 01 h ronrrlinalply regiibitrd by iheJNK 
palhway and rrqnirr Max 10 Inrinre apopio«is in npnront.y HitJ. Ck*m 2<l(ll; 27h': :V/V. r i4-ft77f>0. 
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t(. TfunruuiitkiandA. Scvttkts 

|27(»| lom:e;i K Gnlvr/. A, JVnv. V, Morale* Ml* Uilixrn A, Melendez J, Gon/altt/rjard F, Diaz-Aiaya C, 
Saptig-I Ingui M, Snellen PH, LcKoiih 1>, Lavandcro txinaccUular regulated kiua>e, I ml mil 
fiuiii-ni kinase (.', jn an aiiiiupoptotir signal of insulin-like yiowdi f.uloi 1 on cohnred c.irrii/ir 
myoryie*. HMum llinphyx rt« Cmmtinn >000; 27$: 736-744. 

[277| kf|;m:iio MJ, Mill* KU, ItoiiliujK, l.ynrh l.>K, Xgrol IK'., ItahnrnhJ, Mnrhuswiiiiiy SK, Biuggt-JS. 
Integiin* and tCPR tooidinalely leyulair dir. pm-apopl.oli< piciUriu Bhu to uicvcnt anoikis. Nat 
Cdtllitnm; 5: 7M-740. 

12781 Wc sion OR. Jlalimiimo K, Chalmers C. Uadiield K, Moltou »SA, Ley R.W>igm-i FJ\CuukS| Adi 
vailon ol' RRKl/2 by dellaKaf l:l£R* ieutu!$es Btita cxuiurciuu independently of tho )NK or 1MSK 
pnihway* Om^w<!20O3;22:12»1120». 

(27<»| Dyker* I'K Ihrkenknmp Kl l„ lam 1%W, Thorns NX, l-nmmnre JVV, Koenderman L, Coffer 

PKIJK-L1 a\n act as a critical ellrrioroi cell death induced by cytokine withdrawal: pioiein kiuu&e 
rnliauied lcII suivival tluough maiulruauet: of miLutliuudikil iiiU'^rily / Cdl /W 2002; I5<>: 

|2«0| M.ihl M, l)ijki»rs n<; Knps L^hn SM> CJod'ei PJ, Ihirgeiing HM 4 Mr»drmi;i Kl I. I tit! ftnkhe ad Liau- 
■scripUon factor FoxO regulates i.ran*rription of p27Kipl and Rim in response to 11,-2. 1 Immunol 
KC1Q2. 1G*: 5021-50*1. 

I2ttl ! Sandalova M, Wei CI1, Mnxnrri Md, l.eviisky V. Regulation of expression ol llrl-2 proiein tuiiuly 

member P.im by T cell receptor triggering /W Natl Acod Sci IW X«Mj 101: SOI I -St) 1(1. 
1282 J Kt>y<i JM, Mahlrom S, Nubnurwriian I. VeiikmeKh Li's Scharprr U, FJangovau B, D'Sa-liippcr C. 

Cliuiiiiidunii (.;. Adenovirus tlB 1U k Da and Bcl~2 proteins interact wuiia common set of tell"!™ 

pmiein* OJlVm.n Ml 551. 
I28HI YnKwhi M, lVS.i- Kipper f„ OongX!,, f.liinnarliimi ft. Rpgnlniion of apoptoxi.i by a (henorhabdilis 

ele|*nu.<f KNII'3 hnmolnp (hirtipMUy. -X; 17' WW l ,!r»:«). 
1 28 1 ) Ci/cau | ? Kay R, Chen C» GIolz RD, Give nb erg All. The C. elcgaiw onlmlo^nc ccBNlPS Iinvnu in 

willi CLO'.J and CliD-S bul kills- tin ou^li :i 15H?->iud ciuipusic iudcpeiuk'ni nwhfinlxm. Onrngmn 

2000; 10: filfiH MM 

|2K r > | /;l»:uijr I I, I li»im J, Meyback H NoM BNIl 1 ! variant vhrir im«>r»rrioii Willi tiCI.2 fumily 
iik'iiiIk'is. /^/i*? 1000; 

I VH(i | Vtoudu M, CliJuiiadui;il 0- PliuafoilHl IdCfMlAcutlun of dli' wpoptusiN uIRtiui UH» domain in 

ri»llnl.ii prrtip[n KNJP1 . ftnutgnm J>t)00, Ift 2$f$ f>fto7 
|a'^'/| Oainlor M, l)i Lorrn/.o l>, All)rnirii A, Mn^p A. UlrniiHciiioii of osirogen-responfivc jfctic* in 

ncuiobkiMuinu SK-F.KSS cc\hi.J Nmmin !«•//; 17: 'I.WI-^AUU. 
12881 ZhouVr.Soh UJ, Shnng X. Cwy Olt LowftC.Tbe and Cdcl2C^lMic.mology/.WMpUkr 

donuin nl ItNIK Snlpha i\s fi novel apujuuri* lnducingseqi.i»?nr*» y /fW r7unsM 2l)tJ'2; 277: 7483*-7l92. 
[2«)J /h.-inj; KM, Yima^iwn H, Chftiing l> I no H, Yiinn j, Chan l>, W;«i(f A, Hnhunek L, Wilson JL 

Mc-Mnmu UM, Vang 1>. Nip2l gene expression reduces coxsackievirus rcplteunon bypiuinolin^ 

>i|Hi|>uitiv tdl deaLli via a initoc huadiia-ik'pt.'ii(icni pathway. Gitv Ifa 2002, 00. 12.01 t^D&. 
r,»>0| Chen C, OvuuJ. Vhndc Vcldc C. P:irkJM. Dorck C. DoltouJ.Shi L. Dubik l>, (;r«ftnberg A. Nis 

and NipS form ;i snhlhmily ul pi «j ;ipi»|iin(jf: milnrht-uidrinl prnlpinx.y /U<V f;A*/n \*Ml t 27'J: 7-10. 

|2«.m;i Maisushiniii lM, I'uJIwara I, lakahaxhl K. Minaguchi T, Kgwchl Y, lsujinioio < $u/umoii K, 
N;ik:muiia Y Isolation. I nap piny, and fuiicaoniil unaly.sis of a novel luumui rhMA (IXNIPBL) 
enr/KHinjv A protein homologous to human NlPS.CWm Otti»nosotniis Can™ W<l~tt3fi. 

f2l>2| SJirri I, I In J, Lji H, Wu M, C>in W, Wm U, Li YY, Go J Lhi» apopio5Ei«a(Woriaird protein RNIPL 
iutemcix whli ihe iwo cell prolifei^iion-n-l.-iied proiein^ MIF and GI ? KR. Lrti 2003; 540: 
8li Mf> 

|2LK'd Qin W. HiiJ.ftiioM.XiiJ. 1.1 J. Yno C. %htni X, Jiang H. '/Iwng P. Sheii l,W.m \\ (aij. UNIPU2, 
:i novel hoiviolojiriic ofUNIl*2. intenu ts witli Ukrl 2 and Cdcl2CAlMti !»popirt«i*. ftmdtaii ««/)/A/iyr 

120 i | Faiooij M. Kim Y, I in & Chung t, I IwanjyrS, Sohn M. Kim M, Kim.|. Uouingof RNlP3h. a mviiitvi 

of pronpojiluik BNIPS family nunes. i-.^ Me/A//jrf2001; 38: 100 173. 
1295] Yaxudn M. (ImodoiTikix P, Suhi-nm.inhm T, r.hlniiflHinnf O. Adflnovirnx KIIVIOK/IKJ/^ Inioraci- 

ni^ proiein liNM^ romninfl n KU'A rlomnin nnrt n miiorhondrinl mrgrting xc\\\iv inc.. J Bivl Chan 

IU08;27»: I2ll?i-12 l2l. 

|2tHH Chen <i, Kay K, Dnbik I), Shi L Ci/.eitn J. Bleackley RC. SiOterni S. Oirt/ Kl), (Ir^enbe.rg Al I. I he 
Kill 19K/llrl-2-lM riding protein IMip.^ is n rlimerlr niilorhnrulrinl prnlrin (hat »eiivaiex apopiosis. 
J Exp NUd l 4 .^7: IX«: IW/A-ISMX. 
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77h?BCL2 Cm* family 59 

\2*yj | Vmide VeMe C, CfccauJ. Dubik D. Alinumli j f |), v wn T. Im&cI* S, Hafccw ft, Crccnbcrg AM. HNIPlt 
and geneiic mm ml nt norrnsis like tr*?li death through thr mitochondrial permeahiliiy transition 
pore. AM CVtf /W 2000; 20: &454-H&4GH. 

VeiiiiaS. Builui f ML Emanuel US, Chiunadurai (J. Structural analysis ot the hurnan pro-Hpoptoiir 
$viw J)ik: chromosomal localisation, gnomic: uigaiiizuiion and Igcaliiauuij of piunivloi 
i]iiotirrff. f/ifiw! Vitmt); 2S4: 157 J(i2 

f2!W| Koyd JM, Callo C|. liianfiovan li, Houghton AB, Malrtroin S, Avery BJ, Ebb KU Subiomaaian 
T. (ftilK-mlru T, Lin/. RJ, el nl Flik, ?i rnm-l detilh induct lift piolein shflies a distinct sequonrr 
inoi it Willi Krl-2 family proieiat and interact* with viral and ccllidarsurvival-prrtniodng protein*. 
OmifimrlOOb; 11: ID2I-IU28. 

I WH>| OuuicJ IT. l>iin RT, Hiisdiel S, Siurrn I, Holler J, Dorken 11, Brown R. F.\pres»ion of the deaih 
flrne liik/Nhk pioiuole* sOusiu'vily to ding-ii id tired apoplowx in coMicostetoidicsislaut TcHI 
lymphoma and prevent* minor growth in Aevo.re. mmhine.d immunndofirirnt itilcr. Blood I1WJ; 
!H MOO U07. 

Mailuil JP, I'Vriuniu M, Mandlu* RC. Shout GO. Induction and endoplasmic lelkuluiu lota- 
lion </l lllK/MlKiii rinpuunv to apoplolit: sij;iuj|liiig by F.lA and pDS. Oncogene 2002; 2J 2034 
J&41. 

\.W\ lii.wd IM, Mulitrcnn S. Subramaniaii T. Vcnkatesh UC Schaeper li, Klniigovaii b\ LTSa-Eipper 

Chinnaduiai C. Adenovirus F.I ft l!J kDiand ftrl-2 prntrinx inicnrf with :i common xci nfcrllulai 

pmh-iiis Ctti 1001; 70: -Mi-WI. 
I *0:*| I Ian J, Mabbaiini i; White K. Induction nfapopioris by human Nbk/Bik,a HH.H containing protein 

llml im<<ra«4 with LLli 19K. Mol Oil Iliol I IKK!; I<>: ?>K57-ftK04. 
I MM] Khuujovau B, ChiiiiiHUunil U. Functional dissection ol ihc pr>apoptotic protein tttk. Wc.i- 

erodimcri/.alion with and auoplosLs uiuLeius is insuffuiiul foi induction uf cell death. / Bivl Ciiwt 

IMrV;27U: VWM WW 

l <0r>j Vcniui S, /.liuo I.J, Chinnadunii (I. l*h«>Kphoiy1;itfnn ol thn pro-npopintfr protriri J i I K : mnpping 
uf phosplioiylaUoii men and ellen on ipopmsis. / Itiol Ch*m 2(M)I; 27H: 407l-^07<k 

|;W(i| Ouli K, Hixii VM |JiK and B*tk induce :ipupU>.MS ilowmtmiiii of CruiA but u[»licam of hiliibitui 
ol apopcosis.y Hlol Ouwt mi; £72: 881 1- 8841. 

|:W7| JiaiiK A* Clark. FA. liivolvrmr.nl nt hik, i\ prmpopmiir mem her nl iho hrl-2 family, in Kiirhue 
i H m iiiL-diatt'il I) u-ll ypoplosis.y/wwi«no/2U01; 100: t>025-(K)3^. 

\im\ M;ir.shviii ft ky V. \Van« X, ftt'itiaiul K. Lno H» Uu^llitl W, tlllliuadumi i; f Kanaan N, Vu MD, Wu 
J. I'roicnsomcs inofliihito hnlnnce omuo^ piOJipoptotic and aniiapuptulic Bel 2 (hmily mrrnbrre 
and compromise Imif Honing of ihr eh-rtron tnmsport chain in leukemic cells / fmmumii WKH; 
100. -M30-3MK. 

|W.I| Ht^ik* R. Siiiuvasuia >sm, Ahmad M, l-ernariclcWVInemil [\ Alncmri lis. J51k, a lil 13<oiilHlmiiK 
mourn- prnieln ihni Inioracts with Bd-2 and Ud-xL is a puu*iil death ;^utiitil.7^ Owm IW8, 
WA: yVH.vy7Kfi. 

MM0| Piujuvt C, Sdunitt F.» Rcuurhcimn M, Urnnnal K. Arrival ion ol mil hi domain ami KMtf-niily pro- 

iipoi-MMdc IWI-2 family members in p53 defective cell*. Apoptoxu 200t; 4h 8 1 T>— 831 - 
I I'd 1 1 < )<la I "., < )hki K, MinaMiwa 1 1, Nciuolo ], Shibue T, Ywriiasima T, Tukiuo T. Tani^uchi i", Tuuiika N 

Noxa.a IM Keenly member ofihr hrl-2 family :md randfdaie mediator of pftA-lmlurrd apopuutix. 

Si mtt* 2000; 288: J OftlV I ()f>H. 
I i?I2| |*forl R, {{. Kcnnn L, Zi'iiz R, DavidJI', Kaih M, Warner KK I ivrr minor dnTlopmriil. c-Jun 

aniii^uni/.tv, ihc pitAipopLoiiraeiivity of pS3. CetltOQH; 112; 161-102. 
1 3131 Mora* KK. l«ai KY, Crowlny D, Sengupia S. Yau« A, McKeun V\ Jackx 1*. |.iu3 and p7S aie required 

foi ph3-<h'|>ciKleii! apopioxix in rexpimse to ONA d:ima|j«. Netum 2002; 416: MMMMM. 
|?tM | Scru >W, Sliin |N, K« KM, ChaJJ I, HtirkJY, Le.o KK, Y^in CW, Kim YM, Seftl DVV, Kim l)W, Yin XM, 

Kiln I II. I Iw mi-.1i^i-nf(i» mv^liuumn 'A ' Moxii-iuduccd fi>j<ot-h<Mid| inl «ly.ifiJJiciiuii in p!>^iuvdmtcd 

CeUfleaih.7/;m/^mi«2(M).H;87H W ( J2 48200. 
MU.'d KimJY, Ahn II), Ryu |M, Silk K. Park Jll. IU I. Wily prnrein Nnxa Is a moiliator of hypoxic cell 

death induced by hypoxia-nitluelWc iacior I alpha. Jf Exp Mad 2004; UK): 113-124. 
|»U>| l'mhnlak:nh 1 1, VIlliingorA, 0'R«j11y LA, Beauuionl |C, Couluu,- L, Cheney RE, IIuuiik UCSln^r 

A. Binf: a pmapopioiir ltH;Wonly pn.n«?in legulaled by inteiiiLlioii with the uiyuMii V auin nHHur 

• nmplox, activated by anoikis. Science 2Wi', JH2D-lh\V2. 
|:U7| IXiyfll J>iHhHlukalliH.SU'aC.Stra.saerA l BattukovhLianLY i niia^^ 

ol dynein li^ht chains I arid 9. and du-ir piu apoptuiic li^and^. BkKkmJ'lQM; «77 f j07 6Cin 
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Mi N. Thomtuktki and A. Samtas 

\MX\ I'liilinliiknih MJhmng DC. O'Reilly LA, Kinf(SM,S4rJL«crA . 'Hie proopnprmir nriivhy of ihr Hrl-2 
family member Rim i* rqpdalrcl by iiiirrartinn wiih the dynein mo lor complex. Mo( Cdl 'J 900; 3: 
287-200. 

f.<*i K, Ibvj.N KI .INK phosuhoiylalion of Ihin-icbled juoiuhci* uf the Bcl2 family indncr* Wax- 
d^jiendem apoptosis. /Vor A/a// M$ ; (ZSA 2003; 100: 2432-2437. 
1 320 J MuraU'ji AA, Olwmu A, drifting Osierbnrg A, Jmidal M, Oanrlo I.M. Expression and liuiisuip 
linmil rrspiif^f ton of fnnr|ion;i||v deitinc! Bmf jNofoi itps in Rrhrnnir lymphocytic taukemia ecJls. 
/,<?MfcM«i20IM: l»: 41-47. 

|H2I | Mium I. Siegfried JM. Rraiu J. Keller SM, Zhou JY. Trsiii JR. Chi oiuosume iilleiM ions in 21 non- 

suiall cell Jung card nomas. Cmo Onmnourmt* C^tutn 1000; 2: 326-338. 
\mi | Nawrnr H, van dei Rid P, Miulrau RJ 1 Koch W, RuppCiLjM. Sirfiansky IV Allnloiypr ol head and 

nook squamous cell carcinoma, (jinm /ta 1WJ4; M: I }ftZ-J Inft. 
|H23{ Johns MM 3rd, Wcstni WH, (MfluioJA, liisclc D, Koch WM, Sidranskv D. Allduiypu urniltary 

tfl .i m I Inn hi i n Cavux Res 1 906; SO: UDJ-lltii. 
I 12-1 1 M utiraritfura A, Tanunym | hawongoc C; Poi iilhanakascm W, Krrokhanjnnarong V. Srin mnpnng 

V, Yennidi S, Nupiynphun Y\ Vornvud N Gehnrftic all* Winn* in nn sop ha ryriftca I catriimma: low 

ol licicroxwoniyand Kpsiftin-ltarr vinw infection. HrJCancT 1997; 70: 770-770. 

Hun J, Kleuiinyion CJ. Houghton AB, Qu X, %Mii|bviti OP, LuLx RJ, Zhu L, CliiUenderi T F.xpirtsrion 

ol bhe 3. j pro apuploh'i HH3 only ^ene, is i ununited by divoi.sis cell diwilli and survival *jg>nalx I'hm 

K/MAniASri USA 20l>| ; H31tt 11323. 

SiHichoz-Oespcdwi M. Ahrr.mli SA, ri.uiirjdoxi Rosea R, Monro M, Wu L, Wcnra WH, Yan K 

SC, Jen J, Sidiausky 0. Chromosomal alterations in luntf imViiocji-riiiomii from smickers and 

nunsmnViMN Omrn -/for 2001; 01: 1300-13121. 
|:«V| I Irxpi^ MO, Ueguiii S. Soimncr M. Lc.- T.Trink U. Raiovitski E, Sidranxky l> PUMA in head mid 

in i k i ;iim rr. Canrm tm 2<I(M; HI!*: VJ>- H I . 
|H28| Yn ]. 7h:m^ L, llwaiuf VM t Kinzlcr KW, Voffclncln 15. i*UMA iiulures tht- lapid iipopn^n nf 

coloietial uiiiccj vvlis. Af/rf Cdl 200 1 ; 7: G73-G82. 
|:*20 1 Nak -.inn K, Vnnsfl*»n KH. Pf IMA. n nn\H prrinpnplnlir p»nn, is induced by pfi.'i. Mot Oil 2001; 7: 

<iKS-WM. 

I :*:M)| ViIIuiikci A, Miilujlak F.M. Coultw L, Mulbucr F. Rock O. AuwctlcLhuii M|, Atlam*JM v Struswcr 

A p'j.3 and diu^iiiitueed Mpoplolir i t-Nponxes jnediuled by RM3-fjuly pioieins puma and nnxa. 

.Vi^w#f?00.1 p ?W« 1030 1038. 
Vm I JcllcnrJK, L'fti^ina* K, U.tt Y Van^ (; WangJ, ItrounanJ, Maclean Kl I, I lanj, UilucnUcn T, Ihle 

JN. MiKiiiuoji PJ, Clrveland Jl., /ijjubclli CP. Puma i» an e»M'iiu;d iiicduiloi of pli^ drtpendoni 

and independent apopl otic partway*. Cmtm C«//200:J;4: 321-328. 
\:VM\ I in Kl", Npwland ACJia L. Uio\ Lonloinialioinil change i.s n crucial sh»p Inr rUMA-nn'dirn.e<1 

apopiww in human Jeuknida. Diorfunn IHophyx Has Cjmmun 200.'}; 310: U50-W2. 
19591 NiiHHscT.Sfkj N, l.sluLiwa K, hniaka A, Nnniuni N. I'rrdiclion of (hi: RMliiiy.sL- quench of uniden 

tilled human gan**. V. The iodine vemicuCvs ol 10 nc^ fiOrtv* (KJAAOl 61 KIAA0200) deduced 

by hiuiI>m> of e DMA clone* fiom hiuiiau rell line KC-1. DMA Rtt 1000: $\ 17 24 
\$M | ki.Mil CJM, (inyal L, Whiii» K. UH t a no\i»l d^aih pm moling Iransrriptiniial rcprrsxof I hai inicracu 

wnh Kcl-2-iclaicd proteimc. Mot CMlhnt \W&i 19: 4390-1401. 
l.n.Hfj | f :h,u»vj AO. Van Y. Stobii F, Sdicuu Fl'. Frasca CM . Chiggtni CM, Coopei K, Amoii^O A, Vlnla UK 

haiiini C, CJaridi C. Otm^u C, I'm hi A, -Subiaiiiuuiwu V, Nvl^ou-Willuiin.1 C, Woodford S.Julian UA, 

Wyau KJ, l.iiion KH. rg-A nephiopuihy. the jiiom common C*iu*e orglon^enilnnrtphriiw, is linked 

it) UiHHft. JV^ Crtiurt 2000; 20: 354-357. 
|. { i;\(>| HiHii^iichi f. Hohuikii JM. WmiHiie M, Koujin T, Hashigurhi N. Moii C, Wibon KL, Jlhiiukii 

Y. Kmcrln binding iu Blf, a deadi pi oi no tiny LiLULsciiplioual tepio^oi, is> riferupiod by a iniF- 

j*en«e millfln'on lltnl <-auicr« Km«*ry Dr^-iTiiM niiiAenlar dy.srrophy. Kur J iU'ortuim iKKM; 27 1! I()^ r >- 

10 ih. 

TW1 KiitaokiiT, HollrrN. Mkhcau O, Maninon 1-, TinclA, l Jotmann i<» IschoppJ. ru l-mmbo. a novel 
U« I 9. Iniiiiolu^ue i hut induces apupuwis via its unique C-iei ininal uxlciisUmJ Bivf Cftnti £00l ; 270; 
P-)r».1K_)tJ554. 

1330) Yi P, Zhang W« /.hai Mian I., Wanjf V, Wn M. Ilrl-rimhn hwa, a K|*'rial spliaiig vuiiaiil wiih 
an insertion of mi AhHikc ouweue, proitioics ctoposidc- an<l 'iUxoHnduced cell tlcuUi. FEBSLcu 
m\\ TM 01 08. 
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The KCUZGmef amity 61 

I MiM Clio B, Oudxifc A, Rrrcl J< KrWi, a nr,v*| pro apoptotic member of the Bel 2 family JJUni CM™ 
2001; 270: 27$y-'i7«!>. 

|2M(I| Miuii|jf-iitA. BuilyC.SiiiiK-ti U. A detailed iraiucrifnionali^ l2pl2iurnour 

suppressor lorn.*. FmJNwh Catd 2002: 10: 02-71. 
I JM M Nakiinumj M, lanigawa Y. Characterhcai ion of ubiqui tin-like polypeptide acceptor protein, a novel 

piw ii|JOploliu member of the Itrl2 family, /far/ Hinrkxm 5JIMW; 270: .1CW!> .4(ISK. 
|M2| Ian KO, Tan KM. Chan SI, Y*n KS, Kpv.ni M, Ang KC, Vn VC MAP I . f> novH pmnpopfniir prrmWn 

uniiahiiue, ;i UHl^Iikc inorif that associates with liax through iw ltcl-2 homology domains. JBtol 

a<m2flOI;«7fi ?M>2 2807. 
I Amiiiiherin A, Arnaud li, Vend S. Lalh- P. Cony M. Ri^al D, Gill* C. Nrh, a human lioinologue 

M|'N a r.i:fwmtr{.iKMwlih Hrl X* and imiii iuhibiioi of apoplosis. OttvcgcHc 2001 ; 20 -5810 0855 
I HMJ Kr N.GotizfkA, RcetlJC. url-h, a novel llrl-2Jiimilymfimhnrih.il riittfirfinf tally MnctasitKlrrtfiiaiM 

llax and Bui. J Bid Chan 2001; 27b: 1 2'lo 1 1-12484. 
KM5| Zhni 1). Kp N. '/aianf* H. l-iHrvn U..|u>euli M, Eitliiiiyei A. Codzik A. N« SC. Reed.fC f.haraciiM- 

izminii ol ihe ami apoptotic mechanism of Url-H. Ilunhvtn /200fl, 376. 220-236. 
\'MVi\ Zh.uiK IKIItilxgtrvr W, l)e (;eyier<:. Hi IJ> l.10,a novel ami apnpirnir nn»mh<»rol the. llcl-2 family, 

hloilj apopiosis in the mitochondria d,»aih pathway but noi in the deaih receptor pathway. Uvm 

MM (Unifil 200 1 ; 10. 2 TO. 
I 1 V | KAfpira S, Wcll.v R, KccliKte iner M . Amino uc i<t Mtqiw; nee* common I o tapi dly degraded p rotciri.r 

llic PEST hypothesis. Swum 19H(>; «JM: :«M 
I ShilxiMiki ft Kondo Akagi T. MoKeon F. Suppression ol signalling through transcription factor 

■Ml' AT by inivratliuiw between wkiiiciirin and UCL-2, flatun I'J'J?; 3*0: 72S-73J. 
jiVIUJ Wnf' irc;, RmlJC BCL2.RAF-I and mitochondrial icgulutioii of m pop lush*. Otytafofy J1M0, A- 

|:VT»0| lIuiinjLi [)C* AdiuiwJM, CciryN. Thn roiusnrvnd N-mrminal lll-M domain ot hCL-2 homologies is 
e^eiuhil foi Inliihiiimi of iipopiosLs ami interaction with CFJM. EMBO J 109&\ 117: 1020-1 10ft. 
I J Si-nrlliiA A» Kyiiukupoiilou L, Yousef <;M, Ashwoith LK, Kwmuit: A, Diumuiidis EP. Moletulm 
Cloning [>b^i<:al ii);ippin^, and rtxpr^ion .innlv^ 

Mill iHolein wn h n highly ronwtrvfid Kl li? rinmain ol'ih<« Url-V Ihniily. ^CTtAwitVtff'ilKJI; 72: U 1 7-221. 
|."Vi2 1 llirai II, Vnimu.> UK. Silc-Oiicavd inuUiyciicsw of (he SII2- and SUS-todin^ dvjuaij^ uJ' c-s»iv 
piodnnrs variinl pheiiolypear. iiicludiu^ oiiLu X c'iiif iiclivalioii of pOOesic. Afa/ CW/ HI: 
1 307- Iff IB. 

I I lackson l.C Hotchkiss l<JN, Cubital tunnel surgery. Compli ration.? and treatment ot failures. tfnwJ 
Ufi, i oyd, 12. -My 

I :v»4 j Coiilnw I , IVIk-griiii M. VkwiiderJK, Undcninn OJ, Chen I„ AdanwJM. HuanjrDCSl niMcr A 

;i novel weakly pronpnptoUc invinlwi nfthe Bt:l 2 piuteiu fiiinily with a BH3 and a DHX ivginn. 

Ctifil Stiiou 'i; CuiiimiiigN BJ, Colmurt CW. Imrriiinorrnrriviry lor Krl-2 prorrin wilhin neurons in die 

Alyhcimor'ie discn.se brain incaww wiiJi du>uuvu sevuitty. Brain Ite iOObi 0^7; 8^ 1». 
|;'/f>0| .| t »rskng I \<\ Ciltuuiv JII. Developmental expression of flcl-2 prulcin in human cut Lex. Rniin Hat 

Dci> ttmtv /bnr2U0U; 1 1 9: 22. r »-2:ilJ. 
|.if»7| tin i J. Town T. Piac/.ek A. Kutidtz A, Yu ll t Mulian M. IkUX(L) inhibit apopiows and uccnwx 

produced by Al/Ufthn pr\ h«i^ amyloid I 40 peptide in PCI 2 cells. Ntun>\ri Lctl 1000; 272 0 ft 
j *f>*| Kii^kinwrtrk If, Culcwerian'UScicU R, C iirm N* LubvcC ExpiC^iofi of apoptnsis related proteins 

inbuinsol pat ienis with Al/hi»inipr's rtise^e NmwstiLm 2001. flOfl 7!) 82 
|.Ti ( M llim-li F.C. Hnnoi6\ rauchcwc IJ. Agid Y t Ml/.uno V Modii/uki II, 'Ihiion W(i, Tauon N. Olanow 

WC r)rip.iminiMKit uetiioiu deuenemte by !ipoplosi.v in ftl itltlNOIl's disease. Mw Disord 1000; H: 

|S(»0| Mn|yi M, U:IITt<ln M, Rondo \\ Mi/imo V, N»Rih»imhi II, RiVd.w P, N;ip;ilMJ I". brl L* promin 1m 

im leased in the brahl from parkinsonian pitlients. N*umsri list l^f>; 215: 1 ^V— I 
\M\ I | Weiss KA How doetf I IJV eause AlOS.* 1 .\nif»« VMS; 2(i0: 127^*l//9. 

13021 llrwhiinoio \\ Oyai/n N, Knlyniiuiuiiiuu VS, Psdiwu S. Muduhitiou of Bcl-2 piuiein by CD1 cm.«! 

ImLiii}^ w |MM5tihl«> merh^nNm for lymphocyte apoptosls in human Immunodeficiency vim* infer- 

lion f.nd |'«H itsuie of upupUinK by inl< rleukin-2. l«M7; !I0: V4A-VnH. 

|/>(>:t| Kegamey N, Ihui T, Ruut>piy M, £rb L», Down regulation of Bcl-2, but not of Uax or Rel-x, is 

asxoei.ilrd wilh T lymphcuyle cipMpluaiis in HIV infection and lestotcd by antiicUoviuil lhem[>y cm- 

bv imeilcukin 2. A/DSfUs Ham ttelmmttwu iMto; l.*S: MS -fllO. 
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^ ./•/. ThumjuUikiandA.ScLrtUm 

[564| Kr M, Ubrlllnl I), Asrhhnrher K, Vignoli M, Knrllni (;, Unmnzzniri K, Krrtulaso U lit Phiai M. 
Hltfli levels ol' I J IV- 1 replication show a dear correlation with downmodtilatlon of Ikl-2 pioteJu 
in penphenil blood lymphocytes of 1IJV-1 -seropositive subjects. J Mid 1008; 50: 00 75. 

[MfiTi] Ki nidi LE, I Inline- M, Viaid I. RaUlgnihci C. Zaiiuiic R, Bt:t:kci K, Mullci C, TcchuppJ. and 
K:w liquid in embryos .md adult mice, Ifcand expression In several immuiK^rivileg'ri i taunt 
niul cot -xpftvuinn In nduh ttan*.* rhatacienVd by ,ipopinii<» rr»ll mrtiovcr. / 1090; 155: 

JMTi 313 

Koiftaki S. Kohno M, Maututint N, Shimadzu M, Adac hi N, I lc»hidf. R« Niihiyania S, Miilsntlu I. 
The polymorphic 43? hr licl-2 protein confers relative resistance to auloiimiiuiiity- an analytical 
evalu.il ion. //mm Ctviri lOBft, 103.-1 3D 110- 
|:i(i7| fmo K, .*-iu C, Kiolikowski D. Fagotti M, Fumk* C, Ckuk K. Yu KT, J*y* M, Ivaxhrtienko Y. 
Hypoxia uhXih vk I he rxpmrainn of Ihr pro-apnplotir (jrne IINIP». <7d/ Dmlh Differ 2001; 5: 307- 

:*76. 

r;.;ilr,iin RM. Fiiuiui DP. Thompson JW. Huliko S. Li M. WWilaufBf. Shiga MO, nwhopric Nil, 
Wchstrr KA. A unique palhway of uudiac myocyte death caused by hypoxia-acidosis. 7 Jity 
21KM; 207 iilHil 3J?fKI 

Arscoii PL, KnkoiJRJr. Apopinsi* mid thyroiditis. Clin Immunol Immumpffthd itW; HV: 207-217. 
|H7(>| -Siassi G, Tudaio M, Buccliicri f, Stoppaceiaro A, Farina F. Zununo C. Tesli R, Do Maria R. 
Kii*/Fu> liquid ditvcn Tcell U|jopUJsi> as a eunseu/iencc of lucUuilivu thyroid imiouuoprivilcf;'* 
in I laxhimoto's thyroiditis. J Immunol 1009; 162: 265-267. 
| Mutler-l locker, J. Kxprcxsfon ol hrl-2 v ll,ix.-inclKnxln oxyphil re. 1 1* o I I laxhimoio thyroid ids. WrrAawr 
AirA KU(K); 4W: UU2J-W7, 

|47'.'| Luiiilumiodi-Chcinidi SF., L.umiJJ, Eioy I.. Fluteau O, RadiJF, Cuidion II] Kifsbslnnre of T-cHU 
Io upoptosi* in autoimmune diabolic ( NOD) mlc* is incrcMcd early in life and is awnrijurd wild 
dyxivfpil;iird fxprrwiinn nl lirl-N. tHnhrttJugia ltt«H; 41: 17H-1H4. 
[:i7:A| AcUiclii M, TeiTcri A, Crcipp PR. Kipp»Tf,Tsu|hnotoY. rrcfcrentialliukw>;r uflii^iu jjuiiiuijoglnh 

ulin lij^lu ilinin K<:ne in chronic lymphocytic |(!ukcmiu. JExp Med 1000: 17 J * IW> 
1.^7-1 1 Ayh;m A, VSiwil . Ynkn»iki Sem M IWft R. Tflhom R I^jw of hcrcro/.y£0*iiy ai the bcW "gciic- 
:ind ^vptiMvion oi hct-2 in htitiinft fpurieanri ^nlnivrial rarrinoin^.^/M! J C/mar Ra J 904, 
684-601. 

I Mh I Koudu K, Yoslii no T, Yainuciori I. Mat* io Y, Kuwuxsiki N, Miuowudu J, Akri^i J" l?.\pn»viinu ot licl-2 
|>Miti*i.i ^iiiil Kim muiucu in uoii-Ilod^kin'i lyjiiphomus. Aw/VW^lftiM; Mfi: 

|»7l>| l^indi k r C» (VLirx I), Ovcrhofl R, Hinder I.. Schniirr A, I iiddemann W. YiC.U2 protein expression in 
IjicunI raiKTi-in rrhilion io rxiHtilifllied pm^nostir f;n lot> Hiid odicr t4inieuputholo^iC{il vfiri.iWe.'!. 
A ntt Om vl 100^; (i. 1 OOfi-1 0 1 0. 

1 :477 1 RuriLSiiyJA. 1'iuiu L. Kuliu I1J bd-2 pioicin L'xpicssioii in mc4uiiocylk ntrnplasms ol'lho skin. Mud 

|H78| CouxIuikShui h K, Kininiilm A, Piri CM, MrNinrh I Kvmiw WK, Ruimondi SC. Boiun FC, Aiiro 

M, Oimpiiuu L), Cliniiul ivlcvuneu ol BCL-2 ovcioxpioysiun in childhood oculo lyrnphobljicnc 

Icuki iiiia. Blood lOilO; «7: 1 M 0-1 140, 
\Xl\>\ Kr.ijowsk,! M, Kinj^ki S. K|toU.4uJl. Slrabiiik A.iSaiiv»geul J, -Song K k Kil;iri;i S, KmlJC [mmuno- 

historhemioU annlyrts ul'hrl-2. b:»x, txl-X, mid mcl-1 tiXpreMion in prosratc cimcers- Aw J Pathol 

10%; I4«; I. r jfi7-lfi70. 

j 1M0| Flohil C<i. (qij.^vu I'A, Buanum FT. E*\n waiun ul" lkl-2 pivtein in hvpcqplaslii: polyps, udciioiimx, 

.ind r.nvinom^ .ji ih.- culou J Pmhvl 1000. 17«. 30» 507 
I3»l I I Mi M. Murakami Y. K;inayamA II, S;mo \\ Ks^pmt S. Inmiunohisiorhemical analysis ol Ki-07 

milieu and Rt 1-2 proicui expression in prostate cancer: eilrct of neoadjuvant hoiiuuiiiil thrrony. 

A»/rwiMW,8l; 110 121. 

I-Wlfj Miilkiiutoii AVI. Mtt1<*t'iilrtr romrvti-ini-nt of lnim;»n i>nfl mnttr.f* piiliiionniy n<hmor.'iroinomas. Exp 

L xtng 76w I «J'JK; Ji4 : f>4 1 -fj.V) . 
|«8^1 F. Di Lorcio C. Artioroso V, ^ilmnso F, Russo U, Silvestri lv Faiim R. Dumiutii D. Juhujii I., 

M-.iriu//i I., Ui'liiaini C*A, Biiccai^iiu M. BCL-2 immiiuoliisioelR'iiiRiil i*v;i1iiotiiin in H roll chronic 

lymph<->ryiir Ipnkoinia und hairy cell leukemic before treatment wfih llurbrahinn nnd 2-rhl«rn- 

deo\ynidciio»iH*. Ltttik Lymphoma 2H: .10 7— 572. 
|MH1 1 lAiudvmsklJ, Cliyexewski I., Nikliusku \V£. Kiclowsky Furmuii M, Sawitki B, Nikliiu<kiJ lixpros 

sion o\ hrl 9 pmirin in nun Miiiill cell lun^ tuuevi: eonehitiuu wiih cliiiicopnthology and p.nicni 

survival. Nfioplaxma \W); 4fi: 2r>-. ! «). 



98/U'd 



□ldST|:°l 



ft -tf :(s$-uiui) NQUVMO * SWM/l9fllS3 * « SUS'JUXJMldSflillAS « Ni N^O wajsig] mu t9:9C^9 900Z/6 W IV QA3H * 9WW 30Vd 



TheWLZ Cme Family 63 

[tefl | Uohe (;, Unhin M, WJIhirrw C, Sawczuk I, ftmiyini R, AyuplOdw and eXpig»ion of IWJ-2. Bcl-XU 

anil Dux in renal rcll r-irrinnmax. f.W/.i /?w/«.w 2002, 20 321 iW2 
|S»0| Muiiiii B, ftKWlliaiW M, Hei0»Mnji T, llranltt I? fthfoffcil L, Ivtwnux C, Mrsrrt Al» SmttIk K, Val- 

loi K. Vcideboui JM. Lalittc JJ, SculicrJK Role ol Ncl-2 ajs a prognosiic factor for survival in 

limj* anccr .1 systematic leview ul die liiuiuuiiu with iiieiu-uiiulysi!.-. tor J Cancer 2003, 8t>. i>0 

01. 

|.W| fanrftnini U Vijrnnii S. Hiffin. U, Mu.wj A, Lucchi M, Aiijre!c<ti CA. Basolo K Bcvitocqun Brl-2 
protein: a pro*;iioshV factor inwiariy titiivUiUc.1 tu pliS in iujij small tell liuur* union. & /<?««/.*-# 
lOOt); 71: 1003-11)07. 

I MH| Knmo.uki S. fcuiiuKiki H, Juiyeu.seu Tj. Tanl/awt A, PmrimirrY, Coxsm:mJ. hrl-2 protein inhibit*' 

Miupu5iUe-indu4TdHpoptosUr through iv<efTecuonewnimibaiM|ik*nt totopowomeraso 11-induccd 

UNA Blr.irifl hnuta nnrj lln.-ii ivpaii. Ctmcerlbx 1993; 53: 12M-12S0. 
I »8<J] Campos L, KouaultJP, Sabido (). Oriol I* Roiihi N. V^-don H. Arc himlwiid F, M. lf -;nidJI\ Cuyotai 

I) I Ji^lj expi e.vsion ufbcl-2 protein inacuu> myftloiri IftiikemLi rdl* feattnriniariwnh poor response 

to cliomoihoiTjp^. /JW 19^3i 81: 3091-3090. 
[«H)j Kar.ika* i; MdiiiM, U, VVuiduiaini E, Mi* lung CO, Hocl/.«r D. BurR-mumi I.. High cxpicsaiiou of 

l)Cl-2 mKNA riff a rielmnmanl of poor prngmis* in noil' inye|i.»id lenkemin. Ann OmJ 0: 

I Bam-yO./JiiiiuY^haklai M.Okonl-; Ktihl/ndnh K. Krl-2, Krl-X, Itax.jmH K:ik expression in shorl- 
rmd long lived patients with t:liitu>c Uiw lKell lymphoma*. CJ/n Corner Ha 1999, !5, 2860-2806. 

1 W2| Toihova K, Krifflva M, Mtcuva N. Kidluva A, Elbeiluva A. High vxpivsMuu of Btl I proi^in In 
nt uli- mydoiU leukemia \te i.<? MwodMKsl with poor rrjj]>oTi«r ro rlifimotlicnipy. Ntmplasma 2002; 
11I-.M1. 

I I'oniany JA. Sun R|. Rishi AK- Daw*ou Ml, Oiduuint, [V. Zliai^ Y, TnlIhiiik SII, Bhalla K, Hon Z, 

Yfyvhr J, Poiivr (t, Shrfkh M^ t Sluuoi B, RultlK-n U. Ovuiexpiu^lou oi'bcl Z ui but XI. IViils io 
inhibit ii|jopiotfb mcdiaiefl by a novel rrriuoid. OntolliM iy9M; 10: iH:J-A2l. 
1 Mutiita M, N;ij»iii M, FujHhM, Ulimori M/lakaharaJ. (^]pho«inCsynergiwirallyiiidu<:csapQp<m^ 
wtU VP-lfi hi lymphiMim iclla whith cxjMess iibuiK 
Sn |{H)7{5»: 7.H7-7'I3. 

\W>\ Deny X, Koruhbn MM, Rnvoln V\\ Mn) W.SJr. Rpgnlmiun nl \Wl phosphnrylndnn .inrl jxnrmi.il 

.vi^iiihr.itur lor leukemic cell chcmoveMsi&n™ J Natl Caiuwr Imt Mon^100\; 2R: :^U-37, 
\:VM\\ Kiou.hu! I-A, Fuiujii U H«llt>rand AV, Mchta AU. Wickrcniasinghc KG. Ukadaic acid-indii<.«:d 

;i|><>I)loMfioriU.(i01i*iik^muudlAi»pict^ledbyUL^ ofbd-2 mRNAaud 

ol b< W proiHri. H\HS IrJi M)jlH;45l5- I0S 
I V.)7| fJhi K< Wfilli* AE, Lee CI I, XW Mrntiw s 0l^ S;«iorJ t Dr^iwsk;] Wl I, Mayer \X). FlTtn ls of Ri 1-2 

moiliiluiion wiiii Ml »0 auiisnwe oligonucleotide on human breast cancer cells are indcpciidcm 

ol inhnmi \\A 9. pruii>in fxpio^iou. Brutal Cancer Rus Trmt'4000; I0C»-2i2- 

WHM*nr.|N, W^hh A, Uimiinffliam D, r.lnrki* PA. Raynaud F. dl Stefnno F, Colter Fit. PHmc I 

tliniutl and pluiimacokiiieiir «ni(Jy ol hc\-\> .wisensi* oligoniicl»*oii<Hi» ih<*i^py in pniicni^ wifh 

nun J I od^ kin's lymphoma./C/in Ona* 2000; l«: IHl2-IHi!n. 
\'tm\ Kl.uwi RJ, (.ilium AM, Klciu RF.. Frankcl SR. Oblimcmcn BcW auu.vcn.se: f!Juluaut^ apuptosis in 

ai iiiaii icer \ reatm^m . A ntimisti Nm h>l t \titl Th fa, 9.009., 12 11)^ 9. 1 % . 
1-100] Wiioj^ [L, / ( huiig Xj, Clinkxi S, Khan K, l.n /.» Crn« CM. Aln^mn* KorngolH U % I Insing Cell 

pcjjiiealilt; binding |xrpii<lc*.K: a rlinniral approarh to ,ipopro«« induction in tumor relLx. 

Urn*™ K0I»0; 00: M08-1002. 
1*101 1 biroceio A. Leonetli ('., /npi P.. T)ih IuImic uf aiilisense theiapy: tuuibiiialiuii wilh nniirnnri»r 

iKniuucins. Oncogene WW; 22: 6571MSRHH. 
I -102 1 M;uC;nd>v.Moiroyh U Wood 1., Krirnnmll M Johnson l»W, I'nrkhnm Irl^milirnTmn ol a novel 

hi linn o IU:i. X prnmoUM' and OXim. Oy^cgcT.r^OOO, 10: Di;3»l-55»8. 
I 10^ | Waianabe J, KiiKhihnln K, Hmid?, K. Muuuiiuki 1C MuUuduS. KoUiyiuflii N. Bel xL 

in human hepatocellular carcinoma, ha J Omra/2002; 21: fil !W» 19. 
|4lM| (riihe f. f Rubin M, Williams 0, i>'awczuk I, Butipn K. Apoptosis and expression ol bci-'J» Bcl-XU 

iinrl HnK (n renal coll erne i n o i tow , Omor Jitvai '2002', 20; 321-^32. 
|-«)!»| Nieoi C, Mahieux R, lhki»nnno From hini C. Btl X(L) h upie^uluiud l^y HTLV 1 und HI 'I .VII 

in viun and in ex vivo A I'LL samples. AAmJ 2000; 015: 27A-2H I . 
1*41)01 Hiioiuo A. Beua>.si B, D'Axuanu l t D'Aiiffclo C, Bujrjioni Mouolcsc M, Kicciotd A» Uiro C. 

(Ujrimrili M, K.imxny RO. r^ihilm-ua B. Zupi C. c-Myb and Bekx ovei ex predion pi edit o, pom 
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W H. Thot/utdukiundA. Scvrikw 

piugiuwiK in rolnrrrinl r.inr^r; rUnl^tl and fgptW menial finding*. .Am J fAihttt 200 I ; USX: 1*2*'.)- 
I2'J0. 

|4R7| Jiisiiu-ta M. Rfiirilu-i M, Tcwnri M, Sliayman JA, Dixit VM. Ikl-x and Bcl-2 inhibit TNF mid Fa* 
indmvd apnplnsiA .'mil iiUivaliun vt pliuspliulipusc A2 in bieittf. ttiiunoiiia evil? Ontj^nw. 

HI: Hsiy-yaiK. 

1-108J Ikilloii T, Ookiiwu N, KiiJIih M, Knkm hi K. I lf»n»rndini«*ri7:iTinn nl Krl-2 ;irid Krl-X(L) with Rax 

and Rnd in colorrrinl rnn<vr. .*/■/« Or/w#/ 2000; flfl- 495 D00 
I 1091 Kitiulri 35. Knijcwaka M. /.hang X. Soldi* ro I), Zapata J1VK Wang I 1U Shabaik A. Tudor U Krn- 

jowski S, M>Vin PC. luluison CS. Suu.sullt: FA Rci'tlJC. Expression miiU location ofpiu apopRMfc 

IWI*y lamily protriu BAD in normal human lilies and tumor cell linos. A»« //V/W J0<>8; IKS- 

DM) I. 

I i 10] Uuratla II, Yang F„ JOCKfclJ, lCorsrnrycr.S|. Serine phosphorylation uldMlh agonltt BAD ill 

i«*punw to suivival (tutor rrauJll in binding to i4->3 noi BCL-X(L) . Cdi 19W; 87: 010-028. 

Mill Riinj;crAM.'/hn [, Hanidn H> DoliaSK. IhiiiialNN, CiluiOivAl* KulukJL Le n^an MM.Orocnhrr^ 
MK, korxm<«ycr.SJ. Bad deficient mlct- develop dim we larjje n cell lymphoma. l l ixx AW/W/AW 

c&V20u:t; mk>: s> :vz4-9 :vzy. 
I 'I J 2 1 /.iiikd SS, Oiifj IX\ bcrKU»on DO, lwa«aki 1 1, AkMhi K« Bronson Rj; Ktitok |L, All l« W, Kontmfyri 
SJ. IVaiprjpltirii: BID in leqtihedioi myeloid homeostasis and liiinoi supptcssioii. Grigs (few 20l>!t; 

11131 Wiing X. KyirrSW, l>:ii C, Ihng /.I, Whifcim KC, Yin XM.Jfong K ( Choi AM. Necroiir rrll do: ilh 

in usponsr io oxidant men involves die anivation of ihe apoptogenic caspasoS/bid pathway. / 

thtJChrwV.im, 278- 29 181.20101. 
| II4J Wagiirr KVV, Kngi»ls N-l, rWeianx Ql Ca*pase2 am Liuulion upslifaivi <if hid rlenvngn in the 

1 KAN . :ip«piosta pathway J Mai ttun* 2004: 279: 35047-35052. 
I 115) Win m i AB. Tun SW, dr Yrira Iv, ftldcring \\ llorrt J. KrtnjirrincrH lor ;iApjiiatiM-U':m'd bid in 

■ipupiuHs sij{iialliiix hy DNA^lwiiWKii]KaiuKanccrrc^rncrw.7^CA«?i2004; 270: 28771-28780. 
\A lft| KniicUnu CM, JoJuimui CM, lJu Y, Kuisrncyc'r SJ. r>y.\ actclcratrs tunioii^cjiefiii; in p'j? duficii'iii 

micv.Canm A'rtv 200 1 ; 151 : fiH?) fififi 
I II7| Kaiictit'hi M, YjnriEi.vhiiri I, Shindnh M, S^g&wa K, 'l&kj>ha«hi -S, Kuniia I, h'ujhnoto S, Kujiiim^i K. 

IikIih vi'upuplww by die pf)3-27»I . {Ai-g "-r I.ru) niul;ntl in I ISC3rHi« mthoui trails livnlion 

til pflWid l/CipI/Sdil and biLx. Mol (smtnojr lOUU; 2(i: 11-52. 
N 18 1 Sturm I, hip.idoponlox S, HillrtiiTiivl T. IWiUvi i". Lu<K HJ, WMO'C, DoiUvii l\ t rkinlnl FT. Iinp:iln'<l 

RAX pruicui cxprcwlon in breast oaiv.et: mnianonal arialyj(t« ofihe WAX and ihe pD:5 Rene, hit J 

f««<r/2000,87.y|7 ii21. 

I I l!l | Snhili t'lrlin A, Itioue Ikidn M. M;U<uura A. Abnormal inhaccllulnr lociili/atioii of Bax vvidi n 
noun. 1 1 mcmhivnip nnrhm dninaiu in liunran lung uiiicvi cdl Hues ftm J Cumtn W/a VIM 10; !M: 

iviti-i-i^vv. 

| \?0) tutHU'K.KohiioT.TaluituraS, Hwyn.slu Y, Mizo^ichi H, VokolHj. h>o<juiwil iimrosMlcllileiiisliiljilily 
:>"tl RAX niutjitiom in T <e)\ acuU- Ivuiphoblii^iit IvuKvmm <cll liiltw. 7>iA A:v 2000; 24: 255- 
2(W. 

I 121 1 Marono Fen^mlina Mnrrhin <i, Mnr/j»Mi ,S\ rip Pasrjna A, H«ni»d«ni-r;iriici l' p Mann«o S. 

SL.unUii C. Rrl-2, lV<ix f Bcl-x(L) and bYJ-x(S) expression in neoplastic and normal ciidoiiiclrimii. 

(huUuft ?000, fiH Jfil 108. 
| -l^| (ill J, YuMKUiioto II T Ziipata |M. R^ djC, IVukLio M, linpaiujivnl vftliv piojipoplotif activity of. 

Rnx bv mixxiMisr rnmniinn.s Innnd in g.iMuMiil«lina] tucHt«i> Gnuct ZvV> lli(M); (151- 1?0:W 
11281 Mtjihon MA, Van ilikcs C. Woicou (i<i, Wu l) t I'owman FU (iregor)' Weidner DA. Harris 

I'Wtl (), Mm^riM Luiik-i A, Molilui JJ.. Tcixuin DM. Pmtcui ltintj.se Crpsilon inlenicLs with li^x 

mid [>it>uiotcs suivival uf human pioM;ilu tuncci tvll*. Omvtpnc200$; 22: 7058 79uft. 
L 121 ) I .u Y, Yugl II Apopioxlri orhiini.'in luntf/r rv\\x hy » hrmnthrrTkjwiitic ;»nlhr:irjvliiirt« i« Anhanrod l>y 

Rax ovcrcxpro3sion.//lflA«i f<*s(Tnkyo) IWW;10: 2»»-2'/2. 
l-iyr.l SliiiKjuiu N.Saito JCYoshnUiY. Haihjnioto M, Asai A, Wrino'l, llamadH H. Adfiioviius-uiedialul 

1r.in.slVr of" haxwiih i ;i.\pu.s(.' 8 l o till oil L-d by myelin basiL fjiotein piuinotei cxeits mi enlianrn.il 

t vioinxir rll>n in gliomjiv CVj^uw 77#« 2000; 7: 730-748. 
I'lSttt] XiiiiiK |, Coine/>Njvji ro J, Aralai W t Liu H, R;irkcr Sll, Alvarr/. Kl), .Niqpl til; Curifl DT. Fio- 

ap..| unlit, iivuiiiieni widi un iidcnovii ns ntcodiiiK Box entuuices* ilic vITcri ol't'lieiiioiiicjupy In 

ovanan r.mr^r.y Ct>ru: AM 2000, 2 07 100. 
1127] I j X, Marani M, Yu J. Nan It, RoMi } \, Ksifpiwsi S. Fanj; H. Drnnr.r Marrrlli M. Adenovirus* 

nirdiiiU'd R;ix ovei expmssion lortJic indurrton of rhrrctpnitirapoplosis in proMiiU* muccj. Qmrcr 

It/x VOIVI ; B 1 • ItiO 101. 
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I 1281 S:iw:ii II, Kuwni S, Dom^ N K^duccd expression of Dax in ccramidcnrcsirtani IIW50 *uh1in<*. 

Ibwhnn Hiojthyx fits Cmntnwt 2004; H IH: 4ti-4V>. 
I -IKO I Tons QS. ZTlCCW LD. Wang U Uu J, Qian \V. HAIv ovcxrxpmwinn median-* pr>3-lnd*pen<lc>ni 

;ipuphjxi,s inJuLiiiK tiffrcl? vn human gastric cancer cell*, /fMG'ttiiwrrlMlMf 4: 3*3. 
I 430 1 Knndo S, Shmnnwro Y. MiytiKiki Y, Kivoliam T, Tsulsui S. Kilamura S, Nugusawu Y. Nukuliuift M, 

Kynayniroi S, Mamr/aw* Y Mufrtiom of the bak gone in human gastric and colorectal cann-n 

fW« /("/!< tfOOO; l>0: 132S-1S5JO. 
I 13 1 1 lacturon 25, I larwood C, Thnmnx M, Umikf. L $1ui*y A Role uf flok in I fV inrfmvd npnpl osix in 

skin ameer mid abrogation by IIPV l'i. protein*, tomw 2(X)0; 14: 3065-3073. 
1 4321 l\il;ii»r A, Kn,. K b\ y u R. KaguwiiS. Hum KK. McDonnell Tj. ftolhjA. Swisliri SC. Adcnuvmil Kak 

nveroxprexsion mcdialo ta.xpjwu-dupciuluiil lumoi killiuy. Canar Res 2000; 00. 7&8-702. 
1 133] llrrijrrfijA, I 'hi II iris S, IWk SJonm T, Shwi D.WuJ], Pioclnukii V, Bmii PJ. Kiel'er MC/l'mwwlalr 

J. Genomic Structure and domain or/januafion of the human link germ. fimM 199H; 211: H7- 

01 

I 434 1 Kci^cniAolcont AM. K* : nU;i CC, UcimuiiyJ, Fkuiou Q|, van de Vijvci MJ. AJIolk lowimd pluvious 

in riirrirtninn of iho marine cervix, hit J Cancer 1008; 70: 4 J 1 117. 
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Abstract 

Background: Ami apoptoiie proteins, such as Bel -2 
ami fhl s ( art frequency over expressed in hnm.ni 
malignancies, and this is correlated with resistance to 
chcmoiherapcutic drugs anil y- radiation. Recently 
idt-iililu-cl small organic molecules capable of" inhibit- 
ing Bel 2 and/or Bcl-x, function, may enhance radia 
lion sensmviiy of cancer cells in which they are over 
expressed. We examined whether specific blockade of 
tin: KM 3 domain binding ro Rcl-x, could sensili/c 
fencer cells io y- radiation. 

man non-small-ccll (unu cancer M460 
evils with wild type p53 and H 1 792 cells with mutant 
p53 were exposed to various doses of radiation aiid/or 
UHJl 1 and for different points of time to KH3J I 
treatment XTl and clonogeiuc survival assays were 
used ii> evaluate the growth inhibitory effect* of the 
antagonist BKI3M, ionMng radiation or both, 
Wrsrcrn blot analysis was used in examine the cellular 
died ol die uxprcwinn of Bel x {y JJax, and p?3. 
Apoptoiiis and cell cycle distribution were analyzed by 
coufocal microscopy with Hueihsl 33258 staining 
and cylochniine r y and flow cytometry, respectively. 
Results: RH3I I appeared to induce a dose- and rimc- 
dependeur apnprotfs in 11460 and HI 792 cells, 
regardless of pS3 stai u.s After 2 days of BJti 31 1 ureal- 
mini, the cells that (Villained attached were exposed 
to ioiii/.iiig radiation. Followed by clonogenic assiy, 

ftf HlUii (JIM 



Bl 131- 1 treatment enhanced the radiation sensitivity 
of H J 792 surviving cells wirh mnranr pSS, bur nor in 
E-1460 cells with wild lypii pS3. A lutisieni lime 
dependent cell cycle blockade at M phase was 
ideuLilied for HI 792 cells without subsequent modi- 
fication of cell cycle distribution. 
Conclusion: These findings suggest a potential role for 
Che small molecule inhibitor as a novel radiation sensi- 
tizer in non small cell lung cancer. 



f,ung cancer is the leading, cause nf cancer dearh in 
North Ametica and throughout I lit- wmld. 1 Despite 
significant advances in appreciation of the underlying 
molecular mechanisms, current treatments including 
surgery, conventional chemotherapy and radiotherapy, 
confer* limited benefit. The long-term survival rate tor 
lung cancer patients remains very poor, with 15% or 
less surviving five years. 1 

The aiiii-npoplolK protein* Bel -2 and tfcl-Xj are. 
over expressed in many human cancers including lung 
cancer 2 rendering cancer resistance to a wide spec- 
trum of i.lieiiiosunl radiotherapy/'*' 1 Rci.'iwse the cellu- 
lar commitmCiU to apoplosis is regulated by 
competitive hctcrcdi mentation between pairs of pro- 
survival proteins such as nY.l»2 and Rcl-x, , and pro. 
apoptotic proteins such as ttax and J*ak 7 '\ the 
ihempcutic ratio may be improved if the balance of 
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Uax/Hcl 2 or Bax/Bcl x, heicrodimcit/arion is tilted 
in fovw of cell death. As such, ami sense olignnu 
ckotides inhihiiiug Rd-2 ur Bd-x L expression have 
been shown lo be inducers of apoprosis and sensitize 
cancer cells c<> chemotherapy. 10 " Other studies have 
shown i hat human Box BH3 and Bak BH3 peptides 
diMupi Bax/Bcl-2 ami Rax/Rel-x, hctcrodinieri/a- 
cions and can induce apoptosis in vnrious cell 
typcx.i^H Moreover, a Rax BM3 peptide has been 
found to induce release of cytochrome C from tlie 
mitochondria, but failed lo overcome ihe. proueo've 
elects of ftcl-2 over-expression. 15 

In ictcnt years,, non-pepridir, cell-permeable, 
small molecule inhibitors thai hind 10 (hi: RT-T3 bind- 
ing sites of M-2 and Bclx, have been identified by 
compulciiy.ed, high throughput screening assays 
using a library of more than 20,000 chemicals from 
Hie Chemical l*)irceiory ,rt t hese compounds induce 
apoptosis, inhibit cell gmwih l>y triggering die release 
i»l\ylochrome e through activation of caspasci. These 
small molecules rhnx represent a novel class oF anti- 
r .inror therapies, which promote upopio.sis of resistant 
i ;il it rr t ells 

Although Kd-2 and its related p«ncin Rcl-x r pos- 
sess important anti apoptotic linn. lion in v» variety of 
c.ime.is, ilu-ir relevance in conferring radiation rests 
ranee remains undefined.'" A recent xmdy indicated 
that Bel 2 family protein expression can mudufale 
radioscnsiiivily in human glioma cells", and thai Bel 
x, protects glioma cells from apoptosis hy blocking 
ionizing radiation-induced release or cytochrome: cj 2 
Currently, lew data are available on the impact of Bel 
\, activity with .small molecule anl agonists in irr.idi;ir- 
ed lung cancer cells. Thus, antagonists thai specifically 
luiget the ami -apoptotic fnnerion of Bcl-x L may have 
elimcal utility by its ulhaiiuug radiation sensiriviry of 
ian< i-r eel Is. 

In this M\\t\y y we examined the effect of a BH3 
mimetic small molecule antagonist, BH3T-1, which 
1 1 a;, Iwen shown to induce apoptosis by disrupting 
proiem protein interaction of the iVlIJt-domMn 
bmveen pairs of pro -survival and pro apopmiii Rt l 2 
family memlH.Ts in Non Small-Celt Lung Cancer 
(NSCLC).' 7 Mere wc report that BH3T-1 e.in lend io 
the release of ryrorhromc e, induce apoptosis icgaid 
les-i ol pn3 .slain*, and enhoncc radiation sensitivity of 
N'SCI .C cells with mutant p53, in correspondence ro 
,i li, M pha.se cell cycle arrest. 
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Materials and Method* 

C.r.ll Cuhxtrr. and Rr,u#e7ti\ 

Human NSCLC H<160 cells with wild type p53, and 
HI 792 cells with mutant p53 23,2 \ were obtained from 
American Type Culuuc Collection (ATCC, Rockville. 
Ml)). They were maiiiLaiiied in RFMI 1640 (Gibco 
BKL), with 10% fctal calf semm and 1% antibiotics in a 
humidified atmosphere of $% C0 2 . CrM pmlifrniiing 
kit: (X'lT) was purchased from Roche Molecular 
Biochemical (Laval, (Quebec, Canada). lUbbit poly- 
clouiil antibodies against extra -cellular si|»n.il -regulated 
kinase I and 2 (KRKl/2) were purchased from Suess 
Biotechnology Corp. (Victoria, BC, Canada) Uahbir 
polyclonal antibodies ;Hj;iiu*l p53 and (In: petoxidasc- 
conjugatcd goal anti mouse and anti rabbit antibodies 
were from Cell Signaling Technology (Beverly, MA). 
RTT3T*1 1 5*(p-Bn.>inolK.n/yli<liiie)-:i-ixiipiopyl*4-oxo-2- 
thioxo 3 Uiio/,olidineacetk acidj, Mouse monoclonal 
anti -Bel and anri-Bax antibodies were from 
C^lbloc.hem-Novabiochem International (San l>iego, 
CA). Mouse monoclonal anti-cytochrome e was 
obtained from Chemicon Iniemaiional, Tin. 
(Teineculur, CA). Hoeclist propidium iodide 

and RNasc A were purchased from Sigma Chemical 
Incur. (St. Louis. MO) 

Ceil Viability Asmy 

The : dose- dtrpr.iitle.nl eXferl ofRHftl 1 on ihe viability 
of NSCLC was assessed by using a colorimctric XTT 
assay according to manufacturer's instructions from 

Rot I Molecular Uit k htrniit lis (Kival, QC). In brief, 

cell suspension containing lxl.0 4 cells in IQOuL of 
medium per well were seeded in 96*wrll flar bottom 
i n ic. orpin ics, nllowed in adhcie ovcrnighi and then 
incubated with BH3I 1 at different concentrations for 
4K h alone or followed by irradiation with graded 
doses (2 (ly, 8Cy) using a 6()Co irradiator at -i.2 
Gy/min at room temperature. After 48 h, XTT label- 
ing mixrure (SOpL/wcll) was added ro each well and 
incubated I or 4h at 37 U C. Plates were read at 490 nm 
with a reference wavelength of 650 nm using the 
Benchmark, microphilc rratlrr (BioR»d T^luir;iloi y, 
Missiswuga, ON.). M'he percentage of viable eclb was 
calculated as follows- 1 -(optical density of treated 
eells/uptuiil <le.ii.sily of niilrealed cell control) xlOU. 
All of the assays were performed at least twice in trip- 
licate. The concentration of agents required for IC 50 
was calculated as that, giving a 50% decrease in 
abwrbance compared with controls incubated simul- 
taneously without agetiLs. 
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Clunqgenie Survival Assay 

Cells were seeded hi appropriate dcn$irics in triplicate 
in yield 50 200 colonies/well in 6- well plates 
(00mm), nnd were counted by manual cell counts of 
Jive cells (cxcludijiK floating cells) nx .wmrd wirh 
It vpati blue exclusion. For the drug clonogenic assay, 
iiimour cells were exposed to d liferent concentrations 
of BH3F I six indicated in the figure legends or vchi 
eli (0.1% DMSO) tor I or 2 days luting cells were 
colli-t-rrri lor further apoplotic analysis and the: 
remaining ;itiai hrd eelLs were removed from the plates 
by trypsin/EL)'| A, unci replaced In specified numbers 
oiilo ft- well plates in drug-free media Ibi determina- 
tion of clonogcnii ability (750cells/well). Tor this 
Honogcnic assay, the floating cells (those rhar under- 
went. j|Kiprnxis) were ignored, and only the; atnulud 
cells alici 'IS hours of drug treatment were utilized in 
the analysis of donugeuic ability. 

For the radiation clonogenic assay, RH31 1 per- 
flated lu mi mi i i*l Is (2 days before radiation) were 
cither mock irradiated oi irradiated wirh graded doses 
(2 8Cy) radiarion ii*inj* a *°Co irradiator *l 1 .2 
Gv/itiin. Trvpsinixcil n ils were replated onto 6 well 
plates Ihr determination of Colony- Ibnniug abiliry. 
The plates were incubated for 8- 14 days depending on 
cell doubling time and re-led i:vtry 3-4 days to allow 
clonogenic growth. Colonics were washed in cold 
PBS, fixed in eold acctonc/mcthanol (1:1) ror 10 
uiin, stained with 1% mcihyknr Blue, in PBS for 15 
iiiiu and de-srainrd with running tap watei and air dry. 
Colonics ih:ii umtaincd more than 50 but less dian 
200 cells were scoied. Radiation survival curves wvrc 
constructed after normalization for the Cytotoxicity 
induced by the BH3I I ulone, and were calculated as 
lln- mean of colonies counted divided by the number 
ofcclfc placed rimes rhe plating efficiency Mating* cfli 
ekney was the mean of Milium** divided by the num 
Ih:i of tills inoculated without radialiou. Clonogcnir 
survival was plotted as a funerion of dose on a semi 
logarirhmic plot, Each daia point represented the 
mean it suits of three wells from each of the two Inde- 
pendent experiments. 

PlttorcfftfiM f wmutmytochemtotry 
t\\\s grown on 8 well chamber glass slides were incu- 
luTt-d with lOOuM M13J-1 ior 24k washed in 1*15$. 
lived in 4% paraformaldehyde in PBS for IS min at 
room temperature. Aitci the PBS rinse, the cells wi re 
stained with primary mouse anti cytochrome e (1:100 
dilution in 0,5% BSA in P1VS) or mouse ami -B ax 
(done nA7; 1-1 (IU dilution) antibodies lor 2 h and 
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subsequently followed by horseradish peroxidase- 
conjugated secondary antihodics diluted at 1:400 for 
45 min. and counter stained in Iloechst dye. 
When indicated, apoprosis for cell morphology was 

determined by incubating cells with Hoechst 33258 at 
a concentration of 2.5pg/inl for 20 min at 37"C. The 
chamber slides wcte rinsed in PBS and overlaid with 

mounting media 00% glycerol in PBS. F.xi.kuioii of 
the stains was performed on a Carl Z-eiss Laser 
Scanning confoc.il Microscope. (T .SMS 10) mounted 
on an Axiovcrl 100M microscope equipped with UV 
and visible laser lines and analysed using the f*SM 
imaging browser and AdoheOD Photoshop 7. The exci- 
tation and emission wavelengths were r>70nm and 
590nm for Rhodaniinc (red), 494nm and 5I8nm for 
Fluorescence (green), and 3S2nm and 461nm for 
Hocchst 33258, respectively. 

.Flow Cytometric Analysis of Cell CyrU and DNA 
Fratjtncntatiun 

Colls were treated with either vehicle (0.1% DMSO) 
cir lOOpM of RH3T-1 for 2 days followed by ftCy nf 
y rays using a ^°Ck> source (1.2 (Jy/iuin) and Uieu 
inrnbatcd for 48 hours in the absence of BTT3T-1 . 
Cells were ;ilsci 1 rented with lOOuM of RT-T3T-1 uml 
incubated with various lime periods (8, 10, 24 and 48 
fi). Medium containing floating cells was combined 
with cells Itypsiniyr.tl fnini I Tier plates anil thru ren 
rrihjgcd at 1,000 x g for 5 min. Cells were then 
washed once in irr.-r.old PBS and fixed in suspension 
by rapidly admixing with a Pasteur pipette dispensing 
lml cells into 9ml of 30% cthanol in centrifuge tube 
on ice and stored ar -20*C for several days. Cells were 
washed in PBM nnd re suspended in 0.5ml or a DNA 
staining solution containing 50 pg/ml propidium 
iodide, 0.2ing/rnl RNase A and 0.1 5% Triton X-100 
tn PBS. Cell cycle analysis was performed on a Becton 
Dickinson PACSon flow cytomctcr using the 
CELLQuest software provided by the manufacturei. 
Tor each sample, ar. lease 10,000 cells were used for 
each analysis. Data analysis was carried our In 
Mod Fill X<R> software on trills ^alcxl on an FI ,2 arft;i 
channel vs. FL2- width channel display to exclude 
clumped cells and cell debris 

Western Blot Analysis 

Whole cell lysates were prepared as previously 
dcscribcd.25. In brief, cells were scraped from the cul- 
ture, washed twice in ice-eokl PBS, and collected in I 5 
m'L fippendorf tubes and dieu suspended in 200uL of 
cold lysis hiiflrr(25mM Tris, pTT 7 5,150 mM N.iCl, 
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l*Ua?KK 1 Astern Moi analysis of Bcl-xL and tfax protein in 
fiiuti.ui mm small cell lung cancer cells (1 146U and 1 1 1792). Ami- 
UKK.1/J innhorty is used ;b a loading control. 



ImM KlVl'A, 1% Triion X-100 and 0.5% NP-40) con- 
touring freshly added 4uL/ml of ptoiiuiM-. inlnhiiur 
cocktail ami I mM l'M.$l ; for 30 min. on ice. Alicr ecu 
Lritugaiion :ii 2,500 x ^ for 15 min, the supernatant was 
retained and the pKHtm concentration was determined 
with use of Rio-Rrtd DC kit (BioKad laboratories, 
J..A) accoiding, In tin; manufacturer's instruction. 
Aliquot?, of equal ainuum of proteins (40-ftOitg/wt-ll) 
wire resolved by SDS-PACfl (10-15%) gels and cIlc 
iroblottcd onto nitmudliilose membrane and subjected 
in Western blot analysis, bRKi/2 are ubiquitous and 
a I hiii da ut proteins presenr in ihc cytoplasm, and serve 
as a loading control. 

Results 

P>o-My\>mii find pro-apoptath prultiin r,xjtrt:nion 
IVorein expression of Bel xT. and Bax in the two 
human NSCLC cell lines H4rt() and Til 792 were eval- 
uated by Western blot analysis. Both linen ex 
xl and Rax proteins eonstitutivcly as 31kDa and 
>Jkl\\ Kinds, respectively (Fig 1). Ba.scd on densito- 
mriry mcasuremenc, IT460 cells was found to exhibit 
a ^Li^liLiy higher level of Bcl-xL than 111792 cells. On 
rlv other hand, both cell lines express a simitar level of 
Has. 

Cytotoxicity of Ml Ml- i 

HI 131 1 iruliiK-d similar dose and lime dependent 
eyiotnxicity m both <ell linens alter 48 h incubation 
2A jtid B). The 1C 50 of 111131-1 was 100 uM lot 
1 1 160 and H 1 792 cells ;..s judged by XTT assay. When 
rhese cells were treated with lOOuM uf BH3M over a 
dil lertnl point of lime from 4 ro 48 h, >50% of cyto- 
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HGUlUi 2 Cytotoxicity ol 13 1 13 M . (A) IJ46U and H 17'.'2 cells 
were exposed to x'ariom concentrations of HI HI' 1 lor 48 h, Cell 
viAhilily wii* anuly/.rd with X")T n.<uay. IVive.nt {%) cytotoxicity was, 
fVlrriiiinri'l hy nirAMM-inf. iln* OTJ hi 4v<) nm in a mirroplatc read- 
er. (B) 11160 and 111792 cell* were trotted from 1 to 4$ li wiili 
IUOuM HJ-MM. CJell cycle Uisrnbwnon was analyzed by Iluonrs 
ccnce-acrivared celt sorrin^ (J-'ACS). (Icll cycle phase sub-til dis 
nihurion w.vs tinrnninnl wilh a FACXr.tn Aiuly/n. (CJ II4AU .inrf 
HI 79^ u'll.i wi*n; cijtiiseil In Vtfrinur. i iiiui.iili;i|itin*; ufRH.^I*! 
for 18 It. A/ltT exposure, alUclicd celb were lifted by Irypiini^i 
uon and re plated for 8 14 days to aJInw colony Ibntimji. 
Clonogcnk survival curves were consrmacd ahur nonnnii^injr tor 

IIM3I- 1 -irttliuvr! cyhihixicft-^ xviffi rhr mr.m number unm^ltM 
control c<:ll colonic* »ct .it 100%. 
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l-u;i;ui- J KII3I I iiHluced fl|*>pr<wi<i. (A) HI 131- 1 induced 
«ln.iiii;iiiii uuideiisauon at cell micki stained >vith Ilocchsr 
*3 '?v» Apopmric cells show strong chromatin condensation nml 
mulear trjfmicntAtioil. <H) Gnnfmal miciOMii|y uiui1>w i if »uU rl 
IlilJf location ofcytochnimr e in iminuunl > M n\ KJl$I 1 treated 
<,ln 



rosii-liy Was observed in sub Gl apOpUHic phase as 
dciuiiiiiir.il hy a h'ACScan analy/.cr. 151131-1 al?;o 
induced Monogenic cyLolu&icily in the uimur cells 
after 4* hour incubation (Fig. 2C). The TC S0 of 
HI 131 I w:.n lOOuM and !25uM for H1792 and 
1 1160 cell*, respectively. 

Appftros/s 

In order to determine rhc cytotoxic mechanism ofilic 
lloaliitg cells iluir appeared after treatment with 
I alone, nuclear morphology siuming; l>y 
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1'KIUKK 4 KHecroMH 131-1 on raduricm Minsinviry. Cultured 
rrlls wnr riilm uraii-d in ilir vitamer ol"( n )» or prr&cnce nt'flU 
|iM ( o ) or 10(KiM of BH3I 1(9) lui -IK h (A R), fi.llowrd 
by graded dose* of? irradiation and plated for colonogenk wwy 
Similar .scrup was performed wh lOtfuM of KH4J- 1 for i or 2 
d.iys (f ! ami O) ITtr juirviving Irarrinn was ealnilarcri .is Hk plar- 
)nC<fficknry of treated C*Jlf/ thr. phting <«*Fu-i<;riry of imm-.HOil 
celb, and plotted a* a fuociion of dose on a semi logarithmic plot- 
Each data poin: represents the means rrom ar leasr rhnie indepeu 
dent expcnmcntx. 



Ilueehst 3325S was performed to identify ;ipop(<wi.i 
(Fig. M). 

The staining pattern of 11460 cells treated with 
TUT3T-1 .ippcvrs eKissie apoptci^is. Tlu- t:orn:sjM Hid- 
ing appeaiance ol'H1792 cells ucalcd with BH31-1 
shows a similar picture with minor differences, sug- 
gestive of a concurrent process additional u> apopLo 
sis, which wau estimated to be 40%. Under confocal 

mirroKeupy, I resiled ikIIs slwiwrtl n dilTriSO 
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l/UIUIUi 5 Influent of |>S3 r ifnv.v*iitn Q-IIji wrrir prcircauil 
with lOOfiM of 111 131-1 lot 4ft |i. aiul ilicn irradiated with graded 
kUtM-MaduiiiMi subjected 10 Wcsrern blnr analysis 



imnumolUioiesceiiLe Gaining pattern nf cytochrome c 
rclc.isr Ironi the mitochondria. This is in ami nisi in 
I In- foul ml i«IIn iIhu showed a coarse punctate sum 
inj.: pattern (Fig. 3#). ImmuitohisTochemisrry study 
using anri RAX was also performed, and there was no 
change in ii.s repression before and after drug crcar 
nunt (data not shown). 

lijjh'ts of HH31 I oh utdiulunt \rnsUivity 
In order to determine the radiation sensitizing effect 
of RH3M, H460 and U1792 ceils were exposed to 
either JSOuM or JOOnM RH3I1 fur 48 h Surviving 
cells were then irradiated with graded doses of? rays 
and plated Ibr Monogenic assay. As shown in Fig.4A 
and R, HH31 I enhances radiation sensitivity in 
HI 792 cells, where ccJl kiiling is increased by mote 
that one log .n K Cy of irradiation. In contrast, the 
surviving Iracuon of the H460 cells is barely aHixrcd 
by RH3I 1 at thr 5( imc dose of lOOuM. 

J '5? expression 

The level of expressed pjiji after pretreatmcnt with 
IUUuM of BUS! I loi 48 hours mid graded doses of 
ionizing radiation was evaluated by Western Riot. 
Rl 131 1 treatment* prior ro irradiation (lane 0) did not 
induce p?iH expression in H460 eulls, bur graded irrci- 
di.ii ion (lanes 2, 4 8) did induce a higher level of 
eapicssed \>$$ % as expected in cells with wild type po '6 
(tig. R). 

Hi MI- J effect on irtl eyrie distribution 
In order to determine whether cell-cycle alteration i« 
imolvcd with BH3M in TT1792 ecllsj cell-cycle phase 
distribution was analyzed with How cytometry. As 
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KTGURE 0 RHSI-I i:fT*-i.i «m id) ryrl* phasr liUiiibiirinn. A, 

eulls were Inwicd with lOOuM ufBH3l I I'm -18 i> |>iii>i 
ro l : ACS analysis tor UNA conrcm, .showing no significant change. 
It, Chsmf^ in CI2/M liiitiino ufrhe ttll i:\vlc phase atrcr exposure 
to lOOuM uf BH3F 1 lor vminu* lime puinl.s :i.s oYlcfi-nintsI by 
FACS. 



shown in Fig 6A, no changes in HI 792 cell cycle 
phase distribution arc observed at the end of two days 
of treatment with lOOuM of BH31-1 alone Howt-vrr, 
an earlier transient arrest of H 1 792 cells at G2/M 
phase is identified during the same treatment, Starting 
at 4 h, and setding by 48 h. This was not observed in 
the H4o() cells (Fig. 61i). 

Cell cycle distribution after irrti din t urn and RH31-1 
The alter nation of eel I- cycle phase distribution by 
111131-1 was further analyzed tisinf* flow cytometry in 

rnml.iiiir.d widi imuliutu m . Whrrn HI 792. cells were 

treated with eidier irradiation or in combination with 
RTT3T-1 , i he percent age of cells in the CI2/M phase of 
the i.ell Lycle i no Cased from 10% to 20% and 48%, 
respectively (Fig. 7R). Conversely, d)C percentage of 
cells in CI decreased from 76% to 53% and 35%, 
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PMUMU- 7 Tlii- rllm i.tfrnduiion alone, or combined with 
HH3I 1 . mi u-ll tyck' tlisrnbiinon. 1 1460 <vll* (A) *nt\ 1 n7<>2 
i (II) were pre exposed to KM. II- 1 far 48 h, washed, replen- 
ish Mirh cillniiv OV.lin, and fh»:n imdUtvd rtt tiGy. Cell cyvk 
ph»e ilurrilniiion uvu Hi-r^rmincd wild w FAOSeyu uimlywr, 



respectively, and SI phase cells* decreased from J 3% rn 
9% and 7%, respectively. This was identified two days 
after completion ol treatment. In (<nitr;i>ii, the chniii^c 
was nor apparent In I WoO cells (Fig. 7A). 

ni.si.iiN.vion 

The KI J3 domain plays a crucial role in mediating 
pro-apoptolic and uuli apoplotic activities of Rel 2 
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lamily members such as Bel x, and Bax. BH3I I, a 
cell-permeable molecule capable of disrupting BH3- 
dnmain binding in Hc.l-x L , repjeseni* a new genera- 
tion ol "small- molecule inhibitor of protein protein 
imcrarrmn. Howcvrr, rhcrc ha.s been lirrlc study of 
Bl 131-1 with respect to enhancement of radiation 
cytotoxicity, in rumour celts. In this study* we have 
demonstrated with clonogenic assays that 1H13J-1 
could enhance killing of the human 111792 NSCT.C 
cell line, wif.li release of cytochrome C from the mito 
chondria, nuclear fragmentation, and apoprosis. 
Furthermore, 111.792 cells were ndinsv.nxirizcd in 
association with G 2 M auest. For the surviving 
111 792 cells (that arc left behind after treatment with 
RH3M), tht-.rc wax an increasing radioscu.sitiy.iiig 
cflfcet with a longer incubation time of U113M, and 
the cell cycle effect of BII31 1 might be involved. 

Ir is known that p53 plays important roles in cell 
cycle regulation and apoptosis. 2 " 27 We usedp53 wild- 
type H460 and p53 mutant HI 792 cells as models to 
correlate rhe cttecrx of RH3I- 1 -induced cytotoxicity, 
Our data showed that both H460 and 111792 ccll5 
were sensitive to die cytotoxic effect of 1HT3M ,u 
similar concentrations, regardless of its p53 status. 
This suggests that BH31 1 inhibition of tumor growdi 
may be conveyed via pS 3 -dependent as well as inde- 
pendent pathways. In this study, the staining pattern 
of the 11460 cells with LU131-1 treatment was charac- 
teristic of classical apoptusis, while Owl nf ilu*. HI 792 
cells was atypical of classical apuptosis, This suggests 
the possibility of a concurrent process, such as necro- 
sis. Tndccd, TTao cr al . 2 * reported rhar another RH3- 
mimetic, BH3I 2, was able tu induce neciolic cell 
death in addition to apopiotic induction. Accordingly, 
the exact mechanisms of RH3M cytotoxicity in die 
dillcrcnt cell line remain to be further clarified. 

Both dose and time interval of the combined 
BH3I-1 and ionizing radiation could modulate rudia 
tion sensitivity in 111792 cells. It is important to note 
I luil (h** con cent nil ion of thr RH3 miiut-lii. used in 
this study was higher djan has been used in pievious 
studies of such small molecule inhibitors 2$ Thr dan 
suggested fliul h>w coiicenl rations of sudi molecules 
(<50uM) could result in uncoupling of mitochondrial 
respiration from oxidative phosphorylation, wirhnur 

lyloi hroiut- c ml rusk nr a^Nipl<iNts. Hij»ln:r C.onccillra 

Uons, however, would associate with release of 
cytochrome c, apoproxix, and inhihirion of colony for- 
mation a* noted in (his siudy. 2H Furthermore, 
although p53 has been implicated in promt) ting radi- 
ation-induced apoptosix^, the Rcl-x, protein has been 

Uin Invat MvU • Vol 28, ?to 2, April 2005 61 



98/£8"d 



01dSn:oi 



Sb0^82blT9 dTI 9NiaH3 QNb >WtrD:w°jj 00:6T 9002-6T-inr 



ZZ-«:(S8-M NOUWina . SMZSZMWaiSO . 90Z0U2:8INa*9Ufi-JllX JMldSfftlAS *I»uqi n6gXea UW^I l«d«:9E:9 900Z/9^ 1VOA3V *98/t8 30Vd 



R«tA el .il 



shown lo block radiation-induced apnprosis. 22 A 
irwin report indicated that the expression levels o!" 

H. u ;ind Ki-l-xl. |iruu:Sii in glioblastoma cell lines could 
mndulatc their radioscnsilivity.21 We speculate dial 
die Kick of radiiixcnjnrirarinn in 1 1460 cells may be due 
ro tin* proactive effect of Bel x L , wherein 15H3I 1 is 
unable Lu inhibit all hVl-x L assoriarcd hrrcrodimcri/«v 
lion within the cell. The remaining uniriliShii^c I Rcl-x, 
prorein may then have been sufficient Lo prevent 
mliciwiisiU'/aiiioii. 

IU1*51 I ha.i been found lo iiidun: apoplusis in a 
varlcry of Icitkacinic cell rypef. in a dose and time 
dependent manner rhnt correlates with the 
cytochrome c release from mitochondria.] 7,1 9 Our 
dara indicated that a high percentage of H1792 cells 
underwent jpoptuiic; nuclear fragmentation with 
release of cyrochromc c, and this increased wilh ihnc 
alter treanncnr wirh RTT3M Nevertheless, the exact 
biochemical and iiioteiuhir processes responsible for 
dir BH3M -induced radiosensitization remain ro Ixr 
determined. Ir h.is been shown that the p53 statu:; of 
a cell can ailed hit term i radii ^sensitivity.*^' 32 A 
remit report has suj>ftcstcd dial tadiulion induced 
apoptosis occurred early in NSCT.C cells with wild 
iypc phi J, whereas radiation induced apoplusLs 
inMincd l.tir in mutant or inactive p53 cells. The In 
rei was u downstream secondary event occurring 
beyond the G2-M phase arrest. 20 In this st udy we have 
otacucd a difference ill cell cycle response between 
111702 and H1G0 cells, which may be due m rheir dif- 
ference in pB^ sums, As predicted, the wild type pn3 
1-J46I) cells exhibited oCl block in response to RH3I 
I and ionising ladiaiiim. This would allow rime ro 
repair DNA damaged cells after irradiation. In run 
rrasr, rhe mutant p5 3 -expressing E 1 1 792 cells COiUm 
tied into S phase and C2-M phases after damage from 
RH3M and radiation. 

In conclusion, we have shown that small- molecule 
IVkx, inhibitor BH3I 1 induces upopuiKb in H460 
and 1 1 1 7 K >2 cells, regardless of p54 status, and thai it 
enhances the radiosensiriviry of rhe surviving p53 
mitrani cells to Subsequent irradiation. The Lillet in:iy 
be i elated to rhe indurHon of a cell cycle block. Thcsc 
lindin^s surest a role lor KH3I-1 as a novel radiation 
sensitizer in some human NSCLCs. 
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